For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


Gx anpnis 
UNITASTTARIS 
ARERTAEASIS 


te ; | Hs, ‘ 
Be 

| ee 

. 1 Ny 


- 
7 


0) - an 


ss ~ | 6 A 
eee ) Ae 
TEs ‘ Te 


Ss hel “a doayt : 

ovedsridt te eons avy to ataate¥ iii sereame ym 
a a cred | 4 

a ayeaaant ay STOSET Mot avn 3 

ating i a ath ee 
APtai da YO TUTAPav ies BHT. a: betters _giavet st Ce ye in 
hael: 3 Dew bends 2ind % sciqad 2 agate nia i at oJ ‘anaes i 
)ibanadencse Virelotios ,oteuleq 86T Retane are flag tar 

oie, eseotmy dembaeea |! 

se¢itoc bnse ,etfget eakgactioeg 2eAge, 22 anee Tpiites ent 


eis 
vo beiaite od you $2 ott <¥atees. ovieonely tne stead sl 


aoliaaiwegesg dS2u2%0 « ng oeittene. oe Pe Siicdale bain a yews sonenaiy 
ij ae 


ee Bs 


esWersss £0. on a ay 4 A 


Tl oil pera — 
suasvs 64 = SORRL 


fies 
Vai e2sredliaA , snobs 


THE UNIVERSITY OF ALBERTA 


SPRUCE-FIR FORESTS OF THE HIGHLANDS OF NORTHERN ALBERTA 


by 


PETER L. ACHUFF 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE 


OF DOCTOR OF PHILOSOPHY 


DEPARTMENT OF BOTANY 


EDMONTON, ALBERTA 
SPRING, 1974 


ABSTRACT 


Thirty stands of spruce-fir forest in highland ereas of northern 
Alberta were studied. The highlands are cooler and receive more 
precipitation than the adjacent lowlands during May - September. 

Orthic Grey Luvisols were the most common soil type. 

Based on a morphological index evaluation the spruce was basically 

Picea glauca and the fir Abies balsamea. The pine was nearly all 


Pinus contorta var. latifolia. A Geographic Index, based on the spruce, 


a ee ee 


' from west to east 


fir and pine species, showed increasing "boreality' 
and high to low altitude. 

Four community types were recognized using a Bray-Curtis ordin- 
ation with Sérensen's coefficient of community based on cover data: 
Rubus pedatus/Ptilium, Cornus-Linneea, Viburnum/Hylocomiun,. 
Calamagrostis canadensis. The community types were related to trends 
of altitude, soil nutrient status, and two groups of correlated 
vegetational variables. 

The floristic and vegetational affinities of the community tvpes 
with adjacent regions are discussed. 

The spruce-fir forests studied are considered to be a climax 


vegetation type with balsam fir dominance indicated at higher alti- 


tudes, shifting to white spruce dominance at lower altitudes. 
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21. Spruce and fir population analysis. 
a. Viburnum/Hylocomium community type (Stand 17). 
b. Calamagrostis canadensis community type (Stand 4). 
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The Lower Foothills Section (B19a) of Rowe's (1959) cla 
cation of the forests of Canada, is transitional between the Boreal 
and Subalpine Regions. The section covers much cof the eastern 
slope of the Rocky Mountains in Alberta and British Columbia 
(Figure 1). Isolated eastern and northern outliers cf the section 
occur on highland plateaus, usualiy surrounded by the Mixedwood 
Section (B18a) at lower elevations. 

During the summers of 1971 and 1972, the spruce-fir forests 
of ten highland areas in northern Alberta were investigated 
(Figure 2). 

Upland sites in the study area are forested except where fires 
have created seral non-forest communities dominated by shrubs and 
tree regeneration. Fires are frequent in the boreai forest and old- 
age forests dominated by spruce and/or fir, such as those studied 
here, are relatively rare. The rarity of such forests is being 
increased by the harvesting of such "overmature'’ stands under the 
management plans of the Alberta Forest Service. At the present 
time there are no old-age spruce-fir forests in the study area with 
any kind of conservation protection. Several of the stands studied 
during the summer of 1971 have since been harvested. Since old-age 
forests cover the smaliest area of any forest type in northern 
Alberta, the protection of examples of them for scientific research 


and educational purposes should be given high priority. 
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Figure 1. Location of study area. 
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Figure 2. Location of stands. 
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The bulk of the upland forest is composed of seral aspen, 
aspen-spruce, or spruce-aspen forest at lower altitudes (generally 
below 1000m), while at higher altitudes lodgepole pine replaces 
aspen as the main seral species, thus resulting in seral pine, pine- 
spruce, and ser ee otis forests. At lower elevations on sandy soils 
jack pine forests are not uncommon. 

Previous descriptions of portions of these forests can be 
Pound in the works of Raup (1933, 1934, 1946), Moss (1953, 1955), 


Moss and Pegg (1963), La Roi (1964), and Lesko and Lindsay (1973). 


OBJECTIVES 


The objectives of the research were: 

1. a phytosociological description and classification of mature 
spruce-fir forests in the highlands of northern Alberta. 

2. a description of selected site characteristics within each 


stand. 
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METHODS 


Floristic Methods 

Voucher specimens were collected from all stands and deposited 
in the University of Alberta Herbarium (ALTA). Nomenclature follows 
Moss (1959) for vascular plants, with the exceptions of Dryopteris 
(Britton 1972) and Betula (Dugle 1966); Lawton (1971) for mosses; 
Schofield (1968) for hepatics; and Hale and Culberson (1970) for 


lichens. 


Cones and branches of Picea glauca (white spruce), P, engelmannii 


(Engelmann spruce), Abies balsamea (balsam fir), A. lasiocarpa (sub- 
alpine fir), Pinus banksiana (jack pine) and P. Ponuaeta var. Jatifol¢a 
(lodgepole pine) were collected randomly in each stand in which they 
occurred. 

The spruce collections were evaluated with a merphological 
index (Table 1) based on earlier work by Garman (1957), Horton (1959), 
Taylor (1959), La Roi and Dugle (1968), and Roche (1969). The criteria 
of the earlier workers were evaluated by examining material collected 
outside the area of suspected hybridization in Alberta and adjacent 
areas of Saskatchewan, British Columbia, and Montana. The scale apex 
criteria in Table 1 were taken from Horton (1959) and Taylor (1959). 
All other criteria in Table 1 were taken from La Roi and Dugle (1968) 
after Garman (1957). The diagrams of cones and cone scales of Horton 


(1959) and Roche (1969) were also consulted. 
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Table 


1. Spruce Morphological Index Criteria. Picea glauca 
Intermediate 


P. engelmannii 


Branchlet pubescence glabrous 


slightly pubescent 
pubescent 


Cone length <4.4 cm 


Scale 


Scale 


Scale 


Scale 


Scale 


Scale 


Bract 


Bract 


Bract 


4.4 - 5.3 cm 
7) <> ‘em 


length <7 em 
Igsye sel 40 cm 
>1.40 cm 


length/width ratio <1.43 cm 
12430 2.52¢cem 
aL. 52. cn 


shape obovate triangular 
intermediate 
elliptic 


texture stiff 
intermediate 
flexible 


margin entire 
wavy 
erose 


apex ; broadly rounded 
intermediate 
narrow and wedge shaped 


shape spatulate 
intermediate 
lanceolate 


apex margin finely toothed 
intermediate 
erose 


length/scale length <0 37 Cn 
O.387a-020442em 
>0.42 cm 
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A general problem in the use and interpretation of morphological 
indices is that of character independence, i.e. the weighting of a 
character by measuring it several different yays! Weighting may also 
be due to genetic linkage between characters. For example, is the 
criterion sphbdtie length independent of scale length/width ratio, 
er has the same character been measured and used twice? Present 
knowledge of the inheritance of characters in the species examined 
here is insufficient to resolve this matter. 

A second probiem is the use of qualitative or semi-cquantitative, 
intergrading characters and the setting of character state limits. 
For example, in the criterion scale shape how does one draw the line 
between the character states obovate-triangular, intermediate, and 
elliptic in a consistent, reproducible manner? In this study a 
preliminary examination of the collections was made to familiarize 
the writer with the range of variation. Then, Recent descriptions 
and diagrams of earlier workers and reference collections from non- 
hybridized populations, character state limits were formulated. 

By repeated sefebdrive to descriptions, diagrams, and reference 
collections during the evaluation of the suspected hybrid collections, 
it is felt that the morphological index criteria were applied in an 
objective, reproducible manner. 

The index value for each cone and branch collection was calcu- 
lated as the mean of the 11 criteria values, thus having a possible 
range of one to three. Twenty-five cones and branches from each 


stand were examined. The stand morphological index value was cal- 
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culated as the mean of the 25 individual cone and branch collections; 
again, having a possible range of one to three. 

Morphologicai characters for evaluating the fir collections 
were difficult to find. This difficulty is indicative of both the 
close relationship of the two species, and that the genus is 
"senetically conservative" (La Roi and Dugle 1968), such that 
morphological differences within the genus as a whole are small. 

The characters used (Table 2) were chosen primarily on the basis of 
the taxonomic descriptions of Moss (1959). Other works consulted 
were Harlow and Harrar (1958), Preston (1961), and Bakuzis and 
Hansen (1965). The characters used by these workers were evaluated 
using herbarium specimens of balsam fir from east-central Alberta 
(Cold Lake), Manitoba, Ontario, Quebec, and New Brunswick, and 
subalpine fir from south-western Alberta (Waterton Lakes N.P.), 
Montana, and southern British Columbia. 

The problems of character weighting and character state limits 
discussed above, in regard to spruce, apply here as well. The problem 
of character weighting is presently insolvable and the character 
state limits were chosen in an analagous way as for spruce. 

The index value for each cone and needle collection was calculated 
as the mean of the three criteria values, thus having a possible range 
of one to three. Ten cone and needle collections from each stand 
were examined. The stand morphological index value was calculated 
as the mean of the ten individual cone and needle collections; again, 


having a possible range of one to three. 
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Table 2. Fir Morphological Index Criteria: Abies balsamea = 1 
Intermediate = 2 
A. lasiocarpa = 3 
Scale width <sor CMm i 
165¢<42.9 cm 2 
>2.0 cm 3 
Scale length/bract length <2 a 
7 aS 2 
>3 3 
Stematal band position below only 1 
intermediate 7. 2 
above and below 3 


¢ stomatal band running <3/4 length of the upper side of the needle 


b stomatal band running >3/4 length of the upper side of the needle 


Table 3. Morphologicai features used in pine identification (Moss 
L¥a9) 2 PC. .= Pamusveontorta. var. vatifolia, P.b.i= P. 
banksiana. 


Branch habit: P.c. - ends usually curve upward 
P.b. - ends usually droop 


Bark: P.c. - darker, small scales 
P.b. - irregular, scaly ridges and furrows 
Cone shape: P.c. - ovoid or conical 


P.b. - strongly incurved 


. - umbonate with long, recurved prickie 


Cone scale Pec 
P.b. - unarmed or with minute prickle 


Cone 
Orientation: Ps - directed toward branch base or perpendicular 
ba 


i 
.b. - directed toward branch tip 
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Pine occurred in the study stands with a very low density and 
thus a morphological index approach was not used. Rather, the 
trees in each stand were rated as Pinus contorta, Intermediate, or 
P. banksiana, and the stand was then rated as consisting wholly or 
predominantly of a certain type. The criteria used (Table 3) were 


those of Moss (1949). 


Selection of stands 
A preliminary selection of stands was made using forest cover 
maps (1:126,720) and aerial photographs (1:31,680). The selected 
stands were then checked on the ground, using the following criteria: 
1) at’ least three hectares in area 


2) dominated by one or any combination of Picea glauca, P. 


engelmannii, Abies balsamea, or A. lasiocarpa 

3) reasonably uniform in topography, slope and aspect 

4) not in an alluvial flat, bog, or ravine 

5) not recently disturbed by man, fire, or other natural 
disturbance 

6)if Picea glauca or P. engelmannii present, some trees at 
least 30.5 cm dbh (diameter at breast height = 1.35 m) or some trees 
of other species at least 23.0 cm dbh. 


Thirty stands were located and sampled (Figure 2). 


Vegetation Sampling 


A restricted random sampling technique was used. A baseline 
was laid out through the stand. The center of each set of nested 


quadrats was located by pacing a random distance along the baseline 
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and then pacing a second random distance perpendicular to the 
baseline. If the second random number was even, the set was to the 
left of the baseline; if odd, to the right. Maximum and minimum 
random distances were 50 m and 10 m respectively. 

The vegetation was divided into four layers: the tree layer 
(woody plants >7.5 cm dbh), the shrub layer (woody plants <7.5 cm 
dbh and >30 cm tall), the herb-dwarf shrub layer (all herbs regardless 
of height, woody plants <30 cm tall), and the bryoid layer (terres- 
trial bryophytes and lichens). 

Cover was estimated by the canopy coverage method of Daubenmire 
(1959). "Canopy coverage is defined as the percentage of the ground 
surface included in the vertical projection of a polygon drawn 
about the extremities of the undisturbed foliage of a plant" 
(Daubenmire 1970). Cover estimates were made for each ee 
using’ stx* cover classes: 1 €*<1"="52Z) §°2"(6°=* 252); 3 (26 - 50%), 

4 (51 - 75%), 5 (76 - 95%, 6 (96 - 100%). Cover class midpoints 

were used in computing means. Total cover per layer was computed 
as the sum é?: Pic mean cover values of the component species and 

thus sometimes exceeded 1002. 

A 10 X¥ 10 m quadrat was used to sample the tree layer. Sampling 
trials showed that 20 quadrats per stand would result in a standard 
error of <10% of the mean density per quadrat of all trees, and 
a standard error of <15% of the mean density per quadrat of the 
most common tree species. In each quadrat cover, density and dbh 
(living and dead) were measured. Basal area was later computed 


using the dbh's, 
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A centrally nested 5 X 5 m quadrat was used to sample the shrub 
layer. The adequacy of 20 quadrats per stand was evaluated with a 
species-area graph, plotting cumulative number of species against 
cumulative number of quadrats. Arithmetic, equivalent-scale axes 
were used. In the four trial stands the curve had flattened out 
by 15 quadrats, and in most cases, no new species were added after 
ten quadrats. In each quadrat cover was estimated for all species 
and density was measured for tree saplings ( <7.5 cm dbh and >l_nm 
tall) and transgressives (between 30 and 100 cm tall). 

A centrally nested 1 X 1 m quadrat was used tc sample the 
herb-dwarf shrub layer. The adequacy of 20 quadrats per stand was 
evaluated as for the shrub layer. Twenty quadrats appeared sufficient 
in some stands but not in others. However, when the number of species 
sampled at 20 quadrats was compared with the estimated total stand 
herb-dwarf shrub flora, it was found that nearly the entire flora 
had been recorded and that all the species contributing significant 
amounts of cover had been sampled. The total flora of each stand 
was estimated by coliecting plants throughout the stand, whether 
they occurred within the quadrats or not. Cover was estimated for 
all species, and density was measured for tree seedlings ( <30 cm 
tall) in each quadrat. 

The bryoid layer was sampled with five 20 X 50 cm quadrats 
placed randomly within the 1 X 1 m herb-dwarf shrub quadrat. Due 
to identification difficulties during the sampling trials, a species- 


area curve was not used. The method was judged adequate because the 
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species contributing major amounts of cover were all sampled. 
Subsequent species—area curves show the method to be acceptable. 

Epiphytic lichens and mosses were collected in each stand, but 
no quantitative estimate of their abundance was made. 

Ten to fifteen increment cores were taken at breast height in 
each stand. Trees from various size classes were included to assess 
the date of stand establishment and stand age structure. Stand Age 
was computed as the mean age at breast height of the five oldest 


trees cored. The height of the cored trees was measured with a Haga 


altimeter. In eight stands, fifteen to twenty saplings, transgressives, 


and seedlings were each cut at the base for age determinations. 
Growth rate calculations for white spruce and balsam fir were 
based on diameter rather than the more commonly used height. Height 
is generally considered to be indicative primarily of site quality, 
while diameter is influenced more by density (Baker 1950). Thus, the 
growth rate curves reflect both site quality and stand history, pri- 
marily density. Diameter was used because many more tree diameter 
measurements aries available for each stand than height measurements. 
Linear regression lines, using dbh as the independent variable 
and age as the dependent variable, were used to compare the diameter 
growth rates of white spruce and balsam fir among the community types. 
The regression lines were later used to predict age from dbh in the 


construction of age structure curves for each stand. 
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Soils 

A main soil pit was dug in a central part of each stand. A 
brief profile description and sampling of the B and C horizons were 
done in the main pit. Composite samples of the L-H and A horizons 
were drawn from the main pit and several shallow pits located 
throughout the stand. The samples were dried in the field and 
stored air-dry for later analysis. All samples were ground and 
the portion passing a 2 mm sieve was used for subsequent analyses. 
The samples were analyzed for color (Munsell color chart); texture 
(Bouyoucos 1951, modified by shaking for one hour in a reciprocal 
shaker); % available soil water (1/3 bar % - 15 bar %, ceramic plate 
extraction); total exchange capacity (sodium chloride extract 
distilled into boric acid and titrated with sulfuric acid); Nat, 
Ke, Cat, Mgtt (ammonium acetate extraction, atomic absorption 
spectrcphotometer); pH (soil paste-glass efectrade): and free lime 
(dilute HCl). Horizon, drainage class, and soil classification 


eee 


(Canada Department of Agriculture 1970). 


Ordination 

The stands were ordinated using the Bray and Curtis (1957) 
technique, Beal's (1960) equations for axis niet and 
S¢érenson's (1948) coefficient of community (Easton and Precht 
no date). eacch aud Whittaker (1972), in comparing several ordination 
techniques and similarity measures, have concluded that the above 


combination is generally best. Ordinations were done based both 
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on mean cover vaiues and on Prominence Values. he Prominence Vaiue 


used here was modified from Beals (1969) by La Roi (1964, p. 284): 


Prominence Value = (mean cover %)(¥ % frequency). 


Cluster Analysis 


Cluster analysis, a polythetic, agglomerative, hierarchical 
technique (Pritchard and Anderson 1971), was performed using 
Prominence Values and cover values (Conway 1972). The following 
techniques of cluster formation were used: mearest neighbor, 
furthest neighbor, group average, centroid clustering, minimum 


variance. 
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STUDY AREA 


Climate 

The climate of northern Alberta is continental with cold 
winters and short, cool summers. Precipitation reaches a peak 
in early July and is lowest approximately six months later in 
mid-winter (Sabbagh and Bryson 1962). July is the warmest month, 
while January is the coldest. 

Climatic data for the highlands are available oniy for May 
through September, which generally is the growing season. Table 4 
compares the May - September climatic data of the highland stations 
with adjacent lowland stations. The data are for a minimum of ten 
years’ record (1962 - 1971). All paired data are for comparable 
periods. 

Total May - September precipitation is from 2.5 to 16.5 cm higher 
for the highland stations, apparently due to localized orographic ef- 
fects (Muttit 1961, MacIver 1970). Likewise, the mean May - September 


temperature of the highland stations is from 0.1° to 3.0° C cooler. 


Geology and Physiography 


The highlands are erosional remnants underlain by sandstones 
and shales of late Cretaceous or Tertiary age (Bayrock 1959, 1960, 
1963; Green and Mellon 1962; Jones 1962, 1966; Reeder and Odynsky 
1969; Wynnyk et al. 1969). The bedrock is generally flat-lying, 
and has been dissected to form concordant, flat-topped plateaus 
which rise 300 - 600 m above the rolling lowlands to altitudes of 


650 - 1300 nm. 
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Table 4. Mean temperature and total precipitation, May -— September, 
for highland and lowland stations. (Department of Transport, 


Meteorological Branch). See Figure 3 for location. 


Station Altitude (m) Mean Temp. (°C) Total Ppt. (cm) 
a. May Tower 853 1.3 43.8 
b. Wandering River 594 ee 32.8 
c. Meridian Tower 930 10.8 38.9 
d. Slave Lake 590 Pro 29.7 
e. Swan Dive Tower L276 10.9 40.6 
f. Kinuso 595 PS] Zoe 
g. Pimple Tower 1100 O29 35.6 
h. Fort Assiniboine 640 P20 So 
i. Goose Mtn. Tower i340 9.0 49.3 
j. Whitecourt 701 230 bs 
k. Whitecourt Tower 1143 9.5 38.0 
j. Whitecourt 701 0 Ce, 
1. Saddle Hills Tower 1085 11.4 2s ee) 
m. Beaveriodge #62Z £2.9 27.4 
n. Clear Hills Tower 1067 1035 26.9 
p. Hines Creek 655 T6 24.4 
q. Chinchaga Tower 853 14.0 30.5 
r. Manning 460 13.2 23.9 
s. Naylor Hills Tower 732 125 32.0 
t. Keg River 427 T2352 so Pe, 
u. Watt Mtn. Tower 762 10.6 3255 
v. Footner Lake 304 12.0 23a 
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Figure 3. Location of climatic stations used in Table’ 4. 
See Table 4 for key to symbols. 
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On Marten Mountain and portions of Swan Hills and Clear Hills, 
the bedrock is capped with unconsolidated gravels of upper Tertiary 
age (Jones 1962). 

The entire area was glaciated from the northeast by the 
Keewatin ice sheet during the Wisconsin maximum more than 31,000 
years ago (Bayrock 1963). During glacial retreat, large, short- 
lived proglacial lakes were formed along the ice front. The area 
became available for plants about 11,000 years ago (Gravenor and 
Bayrock 1961). Surficial deposits of till cover much of the 


highlands. 
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RESULTS AND DISCUSSION 


Soil surveys in the study area have been either Exploratory 
(Lindsay et al. 1958, 1959, 1960, 1963, 1964; Wynnyk et al. 1964), 
with classification to the subgroup level, or Reconnaissance 
(Odynsky et al. 1961; Reeder and Odynsky 1965, 1969; Scheelar 
and Odynsky 1968; Wynnyk et al. 1969) with classification to the 
series level. The soils of the 30 stands were classified only to the 
subgroup level, but reference to published series descriptions will 
be made where appropriate. 

The parent materials of the soils consisted of till, lacustro- 
till, and Tertiary gravels or bedrock (Table 5). lLacustre-tiil occurs 
where till has been mixed with lacustrine deposits (Reeder and Odynsky 
1969). Texturally the parent materials were generally clays to clay- 
loams. The pH's were generally very strongly acid (4.5 - 5.0). Soil 
analysis data are shown in Appendix I. 

The soils of 20 stands were Orthic Grey Luvisols. They occurred 
on all types of parent materials on well to moderately well drained 
sites. Orthic Grey Luvisols appear to be the most extensive highland 
soil type in upland sites under spruce-fir forest vegetation. The 


following is a description of an Orthic Grey Luvisol from Stand 28: 
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Table 5. Stand physiography and soils. Parent Material: T (till), 
L-T (lacustro-till), R (residual Tertiary); Drainage: 
R (rapid), W (well), MW (moderately well), I (imperfect); 
Soil Type: OR (Orthic Regosol), ODB (Orthic Dystric Brunisol), 
DDB (Degraded Dystric Brunisol), OGL (Orthic Grey Luviscl), 
GGL (Gleyed Grey Luvisol), BH-FP (Bisequa Humo-Ferric 
Podzol). 


ER RE A 


Stand Altitude Slope Aspect Parent Drainage Soil 
(m) Angle (%) Cc) Material _Class Type 


1 853 10 240 T MW OGL 
2 579 0 - T MW OGL 

3 640 5 150 T W OGL 

4 869 5 250 T W OGL 

5 1113 5 5 To, W OGL 

6 1219 0 = TR MW OGL 

7 1280 5 170 R MW OGL 

8 1295 10 360 R W OD3B 

9 1295 5 360 R W DDB 

10 1280 15 180 R W BH-FP 
3 1082 0 = TR MW OGL 

12 853 5 315 T MW OGL 
13 884 10 270 T W ODB 
14 853 5 280 T W OGL 
15 899 15 225 e MW OGL 

16 762 10 340 T W OGL 

17 686 0 = T MW OGL 

18 $75 20 360 TR MW OGL 
19 899 5 180 T MW OGL 

20 1067 5 90 R R OR 

om 808 5 160 T W OGL 

22 777 10 90 Eee t CCL 

23 610 5 270 ie W OGL 

24 671 10 90 ieee MW DDB 

25 716 10 30 2-2 W OGL 

26 488 0 - st MW OGL 

27 1219 20 360 T-R W ODB 

28 1112 0 : i W OGL 

29 1265 5 180 R W BH-FP 
30 945 5 145 Lo I GGL 
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Horizon Thickness (cm) Description 


L-H 5 Dark brown (1OYR 3/3 moist) con- 
iferous needle and understory 
leat Jitter, pH 4.2. 


Ae 10 Dull yellow orange (1OYR 7/2 
moist) loam, weak fine platy, 
very friable, pH 4.0. 


AB , 

Bt 35 Greyish yellow brown (10YR 6/2 
moist) clay loam, subangular 
blocky ,.firm,. pH.4.4. 

BC if Pe Sia aa ho meee eta 

C at.co7 Olive brown (2.5Y 4/3 moist) 


clay .weaactads, tilts aplit i. 

The soils in: Stands’ 5, 6, iL1, andv28sin ithe Witecete Sunt Hills 
area are referable to the Hubaita Series (Wynnyk et al. 1969), which 
is developed on non-calcareous till often underlain by the Paskapoo 
Formation. The soil described from Stand 7 corresponds ciosely to the 
Pegasus Series (Wynnyk et al. 1969), which is developed on fine tex- 
tured material derived from the Paskapoo Formation. Stand 19 was on 
a Braeburn Series soil (Odynsky et al. 1961) developed on glacial till. 
Stand 23 was on a Dixonville Series soil (Reeder and Odynsky 1969) which 
was developed on acidic glacial tili. 

Gleyed Grey Luvisols were found in two stands on imperfectly 
drained sites. In both cases the parent materials ota astepee re 
neutral in reaction, and clay to clay-loam in texture. Both soils 
were a locally occurring, gleyed phase of an Orthic Grey Luvisol. The 
poorer drainage in both sites appeared to reduce the frequency and 


severity of fire, for the adjacent better drained areas appeared to 
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have burned more recently. A description of the soil in Stand 22 


follows: 
Horizon Thickness (cm) Description 

L-H © 8 Dark brown (1OYR 3/3 moist) 
coniferous needle and deciduous 
Veat Pitter, “pH s78. 

Aegj 10 Grayish yellow brown (10YR 6/2 
moist) loam, platy, friable with 
dull yellowish brown (10YR 5/4 
moist) mottles, pH 5.4. 

ABgj 6 Bs) 4542. 

Btgj 25 Brownish grey (10YR 5/1 moist) 
clay loam, subangular blocky 
firm with dull yeiléwish brown 
LOYR 5/4 moist) mottles, pH 7.4 

BCg LAC Te YE a eA ic orictotedetar yes 

Ck at 59 Dull yellowish brown (10YR 4/3 


moist) clay loam, some limestone 
rock fragments, pH /.2. 


Dystric Brunisols occurred in five stands. Three profiles were 
Orthic Dystric Brunisols, while two were classified as Degraded 
Dystric Brunisols. Brunisols occurred on all types of parent material, 
on well to moderately well drained sites. Those deveioped on fine 
textured parent materials are similar to the Boundary Complex (Scheelar 
and Odynsky 1968) which is an undifferentiated group of podzolics. An 
Orthic Dystric Brunisol from Stand 13, which was developed on till, 


is described below: 
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Horizon 


L-H 


Ah 


Bm 


BC 


Thickness (cm) 


4 


30 
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Description 


Brownish black (1LOYR 2/3 moist) 
coniferous needle and deciduous 
Ledtslitter spy 3.1. 


Brownish black (10YR 3/2 moist) 
loam, granular, friable, pH 4.9. 


Dull yellow orange (10YR 6/3 
moist) sandy loam, weak granular, 
triable, pH 5.1. 


Olive brown (2.5Y 4/3 moist) clay 
loam, glacial till, pH 4.0. 


The foilowing is a description of a Degraded Dystric Brunisol 


from Stand 9 which was developed on residual Tertiary gravels: 


Horizon 


L-H 


Ae 


Btfj 


BC 


Thickness (cm) 
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Description 


Dark brown (10YR 3/3 moist) 
coniferous needle and under- 
story leaf litter, pH 3.6. 


Dull yellow orange (10YR 

7/2. moist), silty loam, platy, 
friable; quartzitic cobbles 
(5-10 cm diameter) comprising 
20-30% of volume, pH 4.7. 


Dull yellow orange (10YR 6/4 
moist), loam, subangular blocky, 
firm, quartzitic cobbles (5-10 
cm diameter) comprising 20% of 
volume, pH 4.6. 


Dull yellow (2.5Y 6/4 moist), 
silty clay, residual Tertiary 
gravels, quartzitic cobbies 
(5-10 cm diameter) comprising 
20-30% of volume, pH 4.7. 
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Bisequa Humo-Ferric Podzols were found in two stands in Swan 
Hills. These soils were developed on residual Tertiary deposits of 
the Paskapoo Formation on well drained sites. They are also similar 
to the Boundary Complex. The profile from Stand 10 is described below: 

Horizon Thickness (cm) Description 


L-H 10 Dark brown (10YR 3/3 moist), 
coniferous needle and understory 
leaf Litten,-pHe3~.6. 


Ae 20 Dull yellow orange (10YR 7/2 
moist), silty loam, platy, fri- 
able, quartzitic cobbles compri- 
sing 10% of volume, pH 3.4. 


Bf 18 Bright yellowish brown (1OYR 
6/6 moist), clay loam, subangular 
blocky, firm, quartzitic ccbbles 
comprising 20-30% of volume, pH 4.5. 


Bt 25 Dull yellow (2.5Y 6/4 moist), 
clay loam, subangular blocky, 
firm, quartzitic cobbles compri- 
sing 20-30% of volume, pH 4.4. 


BC = Oe Ce A MR OM aaa 
IIC ats Pale yellow (2.5Y 8/3 moist) 
sandy loam, granular, friable, 
quartzitic cobbles comprising 
60-80% of volume, pH 4.9. 
An Orthic Regosol was found in one stand. The profile from Stand 


20 was developed on a rapidly drained, unconsolidated Tertiary gravel 


deposit and is described below: 
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Horizon 
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Thickness (cm) 
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Description 


Brown (10YR 4/4 moist) coniferous 
needle and deciduous leaf litter, 
pH*4. 6% 


Dull yellow orange (10YR 7/2 
moist), sandy loam, granular, 
friable, quartzitic cobbles 
(8-15 cm diameter) comprising 
30-40% cf volume, pH 4.6. 


Dull yellow orange (10YR 6/3 

moist) clay, massive, cobbles 
comprising 60-80% of volume, 
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Major. Treesspecies 
Introgressive hybridization (Anderson 1949) between boreal and 
condilteran ivicariants ‘hasbeen’ reported ‘for Picea slauca—Picea 


See ceateneneenenss 


engelmannii, Abies balsamea-A, lasiocarpa, and Pinus banksiana-P 


e 
— 


contorta in the study area (Moss 1959 inter alia). 


Spruce 


One of the earliest workers to notice the intergradation between 
white al Engelmann spruce was Asa Gray (Daubenmire 1968) who noted in 
1878 that ". . . on its northeastern limits, between the Peace River 
plateau and the Athabasca, east of the Rocky Mountains, in latitude 
a4 and 55°, P. engelmannii seems to pass into P. alba [P. glauca]." 

Since then, numerous workers have reported apparent hybridization 
between the two species at intermediate altitudes in the foothills and 
the mountains of Alberta, British Columbia, and Montana (Little 1953, 
Moss 1955, Wright 1955, Garman 1957, Horton 1959, Taylor 1959, Habeck 
1965, Weaver 1965, La Roi and Dugle 1968, Ogilvie and von Rudloff 
1968, Habeck and Weaver 1969). 

Taylor (1959) has treated the two taxa as subspecies of Picea 
glauca. In an essentially identical proposal, Boivin (1967) has 
recognized the two taxa as varieties of P. glauca. While these pro- 
posals seem logical in view of the large amount of evidence of gene 
flow between the two taxa, the weight of custom has so far’ been against 
it, preferring to regard the taxa as two species in which hybridiza- 


tion is occurring in a limited portion of their geographic ranges. 


30 


NOE nw ws Piss 
ay bn Mas 

al as ' 
i | 


‘9 


esata basgnd cata Hier y bt aaron rao 


os so 
buries vader? eda) axtian, of ‘ayo ‘satin Brg ae » ara 
ns ar i AS Pda Se oh Malan Gs ' Dae a es 
; (Aries ora) esi) Bak iia sourae, ssa 
ane oe 
ravi saat oft peated ca oapnapitanon Batra «» + i 
* es het Pine ~ Hx) Z : ers 
ahs ik ,eATssayon wise arts le eas sadiadaaoh ‘aig bon 
c ay a 4,08 
we iis E); Eas 9S dsb neng St) APSR 


Dow 


(We ae 7 ry Tf Josten e bachoqort re ened 9m auc ‘ 


bya ailhbtinel off GF Gaius es 8 intbeiea int + ‘sonleae. oud | 


gene! sk72td) Sasinnt) oeas , shea ‘cpt Birodts Sa 
sosdes Me o£ ‘satay {eT nervy, s bias etiuaa age aight eet 4 
ttl jw now ‘baie bentigg, rrr «tid tine itaccet ape! renal y wae 


na Sy a 


eae saved Bnei doedalt river | 


+ ~ rs ~ 


ba ms x" 


eat bo estondedua « 2s exes rns sat beens: eat crews shail 
aaut’ taut) wivend oasegbae: tex iinotak wiltactaoais: os si it 
“OF, seni ape nated ca % tic nh SARS ied ail doskagoows 


dies te saigiin kok: th Sasi aad ody 25 ede ik “Lnbtyal mon almacg 


tenksge noah GE oe ae heya to 34 tghey ails yoni i ant romero wal 
sexthttdest saci. th a ee ow of ‘Saad ions baa yd antsasionn 


aed ss 
pecans. kegs 9% xsd "$5 eck ray 
; 


In the Intermountain Region of the United States Picea engel- 
mannii intergrades with P. pungens (Cronquist, et al. 1973). 

Daubenmire (1968) and Roche (1969) have reported hybridization between 
P. glauca and P. sitchensis in the Skeena River area of British 
Columbia. In addition, Wright (1955) has reported artificial hybrid- 
ization between P. engelmannii and P. sitchensis. Thus the possibility 
arises of reducing all four species to subspecific or varietal status 
under P. elauca. «The doeteven at this point appears to be more one of 
personal preference and usefuiness rather than of biology. The 
author's preference is for the retention of the four species in the 
full recognition of areas of intergradation. 

The spruce populations of 27 of the stands were rated Picea glauca 
(Table 6), three populations were rated Intermediate, and no popula- 
tions were rated as P. engeimannii. 

The populations with the highest index values occurred at the 
highest altitudes in Swan Hills. The correlation between spruce 
morphological index value and altitude is highly significant (r = +0.68, 
P <0.01), Tide values tended to decrease with decreasing altitude and 
greater distance from the Rocky Mountains. Populations with the low- 
est values were in the Christina highland (Figure 1). 

This pattern of population composition is consistent with that 
found by earlier workers. Three previous studies in Alberta (Horton 
1959, La Roi and Dugle 1968, Ogilvie and von Rudloff 1968) found that 


P. glauca populations occurred generally at altitudes below 1220 n, 


Intermediate populations between 1220 and 1830 m, and P. engelmannii 
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Table 6, 


Mean spruce morphological index values (x) 


and standard deviations (s). Picea glauca 


1.00 - 1.66, Intermediate = 1.67 - 2.33, 


Pe envel mann = 22367 S007 


x Ss 
2.05 O.75 
1.6) 0.76 
1.68 Ono 
1.64 0.69 
Bebe 0.69 
Lok 0.64 
eos 0562 
L352 0.60 
1.49 0.63 
bets) Gw0L 
1.45 0.60 
a5 0.59 
1,44 0.59 
REPS 0.60 
1.38 0.54 
Le? Cea7 
Looe 0.56 
1.36 0.54 
Beoo On56 
e755 GLD7 
pF fs: Oot 
Ileou 23s) 0.60 
pees 0.50 
Ty27 0.53 
1.29 Pape 
Zo 0.45 
1.24 0.50 
Wat Ke. 0.41 
nS 0.37 
1.09 0730 
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populations above 1830 m. The highest populations sampled in this 
study were at 1295 m and were rated as Intermediate. ~All populations 
below 1220 m were rated as P. glauca. 

Thus the spruce populations are basically Picea glauca, with 


varying amounts of introgression from P. engelmannii. 


Fir 


Much less work has been done on hybridization between Abies 
baisamea and A. lasiocarpa, Zavarin and co-workers (Zavarin and 
Snajberk 1965, 1972; Zavarin et al. 1970) have made chemosystematic 
studies of the two species, but a study of their intergradation 
has not been published. 

Morphoiogical evidence of natural hybridization in northern 
and central Alberta has been mentioned by Raup (1946) and Moss (1953, 
1959), while Klaehn and Winieski (1962) have reported an artificial 
cross of A. balsamea with A. lasiocarpa. Boivin (1959) has recognized 
only one species, Abies balsamea, with two subspecies, A. balsamea 
ssp. balsamea and A. balsamea ssp. lasiocarpa. This situation is 
similar to that in spruce discussed above, and although Boivin's 
treatment of the two taxa indicates their close affinities, the author 
again thinks it preferable to maintain them as separate species. 

Table 7 shows the fir morphological index values. Nineteen 
stand populations were rated as Abies balsamea and six populations 
were rated as Intermediate. Five stands contained no fir. 

The populations with the highest values occurred at higher 


altitudes in Swan Hills. This pattern is similar to that of spruce, 
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Table 7. 


Mean fir morphological index values 
(X) and standard deviations (s). 
Abies balsamea = 1.00 - 1.66, 
Intermediate = 1.67 - 2.33, 

Ae, lasivcarpa =" 2,34 — 3.00. 


x s 
205 0.87 
1.97 0.81 
183 0.91 
bap ogg & O.74 
L267 0,73 
Flag f 4 0.68 
a ARES: 0.68 
S npha 0.64 
Leo ee 0.57 
£343 0.59 
1557 O02 
d Soy Me: OF6E 
t.33 0.53 
Ts 30 0.47 
Laz? On a2 
be O49 
gas 8 0.45 
1.20 0.41 
Sec 0.44 
fs Wy, 0.38 
1 ig | Wie 6S | 
1207 0.38 
PO5 Pe 
+201 0235 
1.00 Os 354 
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and corresponds to the report of Moss and Pegg (1963) of Abies lasio- 
carpa in Swan Hills. Index values tended to decrease with decreasing 
altitude and increasing distance from the Rocky Mountains. The corre- 
lation between fir morphological index and altitude, while significant 
(r = +0.45, P <0.05), was not as high as that of spruce. Stands with 
Intermediate populations generally occurred at altitudes above 1200 m, 
while populations below 1200 m generally were rated as Abies balsamea. 
Populations with the lowest values were found in the Christina highland 
(Figure 1). 

A notable deviation from this pattern was the population on Watt 
Mountain (Stand 25) which occurred at an altitude of 716 m and was 
rated as Intermediate. This stand was the most northerly studied 
(58° 40" N) and perhaps latitudinal compensation for altitude is 
important here. 

The fir populations thus are basicaily Abies balsamea with 


varying amounts of introgression from A. lasiocarpa. 


Fine 

Natural hybrids between Pinus contorta and P. banksiana were 
first reported in 1929 (Austin 1929). Moss (1949) has presented mor- 
phological evidence of hybridization between the two species in central 
Alberta, while chemical evidence has been provided by Mirov (1956) and 
Zavarin et al. (1969). Artificial crosses between the two species have 
been made (Righter and Stockwell 1949), but neither species has been 


successfully crossed with any other species (Zavarin et al. 1969). 
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The populations of the stands on the Christina highland were 
rated as predominantly Pinus contorta. All stands west of the 
Christina highland were rated as wholly P. contorta. 

Populations of mixed Pinus contorta and P. banksiana character 
were noted at lower elevations throughout northern and central Alberta, 
but in the highland areas the populations were either wholly or predom- 
inantly P. contorta. This pattern is consistent with the distribution 
reported by other workers (Moss 1949, 1959; Critchfield and Little 
1966). 

The cordilleran pine (Pinus contorta) appears to extend its in- 
fluence farther east from the Rocky Mountains than either the cordil- 
leran spruce (Picea engelmannii) or fir (Abies lasiocarpa). 

A Geographic Index was computed by summing morphological index 
values for the three tree species complexes. Fir did not occur in 
five stands. Since the correlation between spruce morphological index 
value and fir morphological index value for the other 25 stands was 
highly significant (r = +0.59, P <0.01), linear regression was used to 
estimate a fir morphological index value for’ ‘stands.5, 19, 21, 23, and 
24. For pine, the stands.in the Christina highland were assigned a 2 
(Intermediate), and all stands.west of the Christina highland were 
assigned a 3 (Pinus contorta). The resulting Geographic Index is shown 
in Table 8. 


Based on the three tree species only, the four stands.in the 


Christina highland are Boreal, and the other 26 stands are Intermediate. 


A trend of increasing "boreality'" is apparent from west to east and 
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Table 8, 


Geographic Index based on spruce, fir and 


pine. 


Boreal (3 - 5), Intermediate (5 - 7), 


Cordilleran (7 - 9). 


Stand 


N bt 


Tat 


Geographic Index 
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from high altitude.to low altitude. The implications of the Geo- 
graphic Index are discussed in the Geographic Relations section 


below. 


-ost) elt Bo tupaaotiqn: eT cob a ae: ghostase saa 
dolsose anobrelea® +iiiqn1ges0 wilt mi Tesuonth: ova sohat akd 


VEGETATION CLASSIFICATION AND DESCRIPTION 


Vegetational Units 
The "community types" (Whittaker 1956, 1967; Langenheim 1962) 


recognized here are abstract vegetational units based on character- 
istics of concrete examples, i.e. the individual stands. The 
community types are viewed as "noda" (Poore 1962) along a vegeta- 
tional gradient or "coenocline" (Whittaker 1967). A coenocline 

is paralleled by a gradient of environmental factors, the "complex- 
gradient" (Whittaker 1967). Another dimension is provided by a time 
or successional gradient. 

The community types here delimited are based solely on vegeta- 
tional (coenoclinal) characteristics. In contrast, some workers, 
e.g. Rowe (1956) and Sukachev (Sukachev and Dylis 1964) have recog- 
nized units, such as forest-types and biogeocoenoses, which combine 


the coenocline, the complex-gradient, and the successional gradient. 


Classification 

Initially, both cover and prominence values were used as a 
measure of species' performance. However, the use of frequency in the 
prominence value introduces a measure of dispersion. Thus the inter- 
pretation of the prominence value becomes unclear. 

Both prominence value and cover were used in ordination and 
cluster analysis on a trial basis. The results from the use of 
prominence value were very similar to those produced by the use of 


cover, i.e. species with high cover values tend to have high promin- 


39 


Ey) sh M ) 
an " } y 


baie f rg 


(SOL cia Ansett Toe eer sins 308) 


~ 4: sipitbe mh) sidils apt ‘eootinaniae 


mee es ae i eG 


eit ebnoae aries het “"— ad sina oF 


e f t i i 
: yas, * 


-Aisyh & xhtoks. (sata 23904) “eb ae bowsy ‘hore 


Be 
i 5 
. 


anktouwena A. 4 (rower prenrer “eather 


- 


ner sis arose Cede ria Ee anakbarg. « va 
- . ah o, a Ee ~\y oe 7 
enry 4 re Sukie Ond eL “andanwmth esata eae venssian 4 


he a 


or row anda da eae 4 a Lesiaabsenil . ; 
Liana aa ani si nb vavchowslisa) voce jae een ae 

seme hs Maia fy) * a 
amides shes bikes /ssesianiaomand hes caql~oaditel: ion athe te 


aeeaai sta tinea: ah ona bine teapberarestenets st aromas 


“G35e0V moO vboeloe Heed age bo? tint tab ilies 


a as 


| toes se stale onde ie sa aed tiga 
ail. nh Loawwpsy? to seen) tomewol amnssalenonehe tes: 
~sSe worl pues smoteum@gle te steendhe a f sastibaitin’ éutew soneniuang |” 
nee ee SH toi aio acca 
aia tadici wt Bagi erow Tavas bow eulseoganentmesg ell: . 
eG odd noe epitaler it -ataed Lahay 6 m9 bieeinda terete 
Yo aes a0) yd brwubone. scotty o> ~eLhahe hel Siw Setar wantatinoy 
i 38 sa wa be eet So enn i 


~ o.- 


ence values. Since no advantage could be seen in the use of prominence 
values, they have not been used,-.and all of the subsequent analyses and 
descriptions are based on cover alone. 

The accuracy with which the two-dimensional cover ordination 
represented the similarity matrix was determined by computing a simple 
correlation coefficient between the interstand distance and the cor- 
responding matrix dissimilarity value for all pairs of stands. A 
highly significant correlation (r = +0.86, P <0.01) was found. The 
ordination was therefore considered to be an acceptable representation 
of the matrix. 

Following ordination of the stands .on the X and Y axes, cluster 
analysis was used to aid in the delimitation of community types. The 
cluster analysis produced five dendrograms, one for each technique of 
cluster formation. Three of the dendrograms were nearly identical 
(minimum variance, furthest neighbor, group average), and all five were 
Similar. Figure 4 shows the minimum variance dendrogram. The cluster 
of Stands 6, 7, 8, 9, 19, and 29 was recognized by all five techniques, 
and agreed well with the position of these stands on the ordination 
fteld (fiteure. 5). Avdaree cluster, consisting of stands: 2, 3,12, 38, 
12 AG, Vu lo, 20s 2, 227° 23,- 24, 27, and 30,*was also, recognized. by 
all five techniques. These fifteen stands occupied an area together in 
the lower part of the ordination field (Figure 5). 

The group (11, 25, 28) was clustered by all five techniques. 
Stands 4 and 26 were also clustered by all five techniques. Both of 
these groupings were consistent with the position of the stands on the 


ordination (Figure 5). 
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Figure 4, Cluster analysis dendrogram. Minimum variance 
technique of cluster formation (Pritchard and 
Anderson 1971). 
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Figure 5. The four community types on the ordination field. 
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Stands 15 and 18 were joined to each other first in four of the 
dendrograms. They were then sometimes clustered with the 11, 25, 28 
group and sometimes with the 4, 26 group. The position of stands. 

15 and 18 on the ordination (Figure 5) confirmed their relationship to 
each other, but helped little in resolving their relationship to 
either the 11, 25, 28 group or the 4, 26 group. However, stands.15 and 
18 had relatively low Calamagrostis canadensis cover values (Table 9), 
thus differentiating them from the 4, 26 cluster. Stands.15 and 18 
were therefore placed with stands 11, 25, and 28. 

Stand 1 was sometimes joined with stands 15 and 18, and sometimes 
with stands 4 and 26. The mean cover value of Calamagrostis canadensis 
was relatively high (Table 9), thus placing stand 1 with the 4, 26 
group. However, stand 1 also had relatively high mean cover values 
for Cornus canadensis and Linnaea borealis, and thus showed affinity 
with the 15, 18 cluster. Neither the position of stand 1 on the 
ordination (Figure 5) nor the similarity values between stand 1 anda 
stands 4, 15, 18, and 26 helped resolve the matter. In the end, the 
high Calamagrostis canadensis mean cover was given greater weight. 
Consequently, stand 1 was placed with stands 4 and 26 in the full 
realization that stand 1 also showed a close affinity with stands. 

15 and 18, 

Stand 5 was placed differently by all five techniques, but gen- 
ere showed affinity to either the 11, 15, 18, 25, 28 group or the 
1, 4, 26 group. Since it was closest to the 1, 4, 26 group on the 


ordination diagram (Figure 5) and also had the highest Calamagrostis 
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canadensis mean cover value of any stand, it was grouped with stands 
ey ane veo. 

Thus the final delimitation was into four community types which 
are shown on the ordination field in Figure 5. The groupings provided 
by the minimum variance, furthest neighbor, and group average ciuster- 
ing techniques were closest to the final delimitation. Pritchard 
and Anderson (1971) also found these three techniques to be most 


useful. 


Rubus pedatus/Ptilium community type 


Stands with the understory dominated by Rubus pedatus and Ptilium 
crista-castrensis occurred in Swan Hills at the highest altitudes 
studied (1220-1295 m). 

The stands were generally open (Figure 6) with a mean tree cover 
of 43%, the lowest of the four community types. Abies balsamea and 
Picea glauea accounted for.21% and 132% respectively. The tree layer 
of this community type was almost entirely coniferous, and four of the 
six stands were dominated by Abies balsamea. Other mean cover amounts 
were: Pinus contorta (7%), Picea mariana (2%), and Betula papyrifera 
s.l. ( <1%). Mean tree density was 1005 stems/ha, and total Sealy 
area (Table 10) averaged 39.1 m¢/ha. Neither Populus tremuloides nor 
P. balsamifera were present in this type, since they become a very 
minor element above about 915 m in Swan Hills. Both Abies balsamea and 


Pinus contorta reach their highest cover here. 
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Figure 6. Rubus pedatus/Ptilium community type (Stand 29). 
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Table 10. Mean basal area (m2/ha) of the tree species by 
community type. 


Community type 
Rubus pedatus/ Cornus- Viburnum/ Calamagrostis 


Species Pectin Linnaea Hylocomium canadensis 
Picea glauca LIU 205.2 40.0 24.6 
Abies baisamea 17.8 20.8 Wad, Se 
Pinus contorta 4.3 0.9 2.9 0.7 
mapillie Spillet os ---= Def 24.5 326 
P. balsamifera a 1.4 1.1 mas 
Betula papyrifera s.1l. ---- 05.7 0.5 2.3 
Picea mariana 20 ---- 1.0 0.8 


Total Seg 4927 12.2 319 
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Figure 7, 


Regression lines of Picea glauca diameter 
growth rate in the four community types. 

(y = a + bx, where y = age (years at breast 
height) and x = dbh). 


a. Rubus pedatus/Ptilium community type 
(r= +064, P< 0lnen = 936). 


b. Cornus-Linnaea community type (r = +0.38, 
P=<0505 5. n = 31). 


c. Calamagrostis canadensis community type 


eee ee 


d. Viburnum/Hylocomium community type 
(cr =4-0745, PS0.01 mn, = 156). 
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Figure 8. 


Regression lines of Abies balsamea diameter 
growth rate in the four community types. 

(y = a + bx, where y = age (years at breast 
height) and x = dbh). 


a, Rubus pedatus/Ptilium community type 


(r= 40.645 P<0001, ni = 53). 


b. Cornus-Linnaea community type (r = +0.55, 
P<0,0L, n= OL. 


c. Calamagrostis canadensis community type 
Co Se OS eh <0 054s eo, 


d. Viburnum/Hylocomium community type 
(r = +0.71, P<O.01, n = 26). 
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The mean morphological index values of both spruce and fir 
(1.74 and 1.73) were highest in this type, indicating maximum in-. 
fluence of the cordilleran Picea engelmannii and Abies lasiocarpa. 
Three of the spruce populations of this community type were rated 
Intermediate. The other three populations were rated as P. glauca, 
but had index values above 1.61. Five of the fir populations were 
rated Intermediate while Stand 8 (1.53) was rated Abies balsamea. 

The stands of the Rubus pedatus/Ptilium community type were the 
oldest studied, with a mean stand age of 216 years. The diameter 
growth rates for Picea glauca (Figure 7) and Abies balsamea (Figure 8) 
were significantly lower (t test) than those of the other community 
types. Whether tree density or physical environmental factors are 
responsible for this is not clear. However, since the mean tree 
density (1005 stems/ha) is comparable to that of the Cornus-Linnaea 
(905 stems/ha) and Viburnum/Hylocomium (1015 stems/ha) community 
types, it appears that physical environmental factors of climate 
(Table 4) and soil nutrients are influential. 

Mean total shrub cover was 36% with Abies balsamea transgressives 
providing 15%. Other prominent species were A. balsamea saplings (7%) 
and Ledum groenlandicum (5%). Ledum groenlandicum had highest cover 
here, being present in only trace amounts in the other types. Menziesia 
glabella and Rhododendron albiflorum occurred only in this type, and 
Viburnum edule and Rosa acicularis were completely absent. 

Mean total cover of the herb-dwarf shrub layer was 88%. Rubus 
pedatus was dominant with 28% cover, followed by Cornus canadensis (12%), 


Vaccinium membranaceum (9%), and V. caespitosum (8%). Vaccinium 
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membranaceum and Tiarella trifoliata were found only in this type, 
while a number of species were notable by their complete absence, e.g. 
Aralia nudicaulis, Rubus pubescens, Mitella nuda, Mertensia paniculata, 
Maianthemum canadense var. interius, and Pyrola asarifolia. 

Bryoid cover averaged 95%, highest of the four community types. 
Nearly all the bryoid cover was contributed by the three feather mosses, 
Ptilium crista-castrensis (382%), Pleurozium schreberi (342), and 
Hylocomium splendens (21%). Eight species of terrestrial mosses and 
lichens were found only in this community type: Dicranum acutifolium, 
D. seoparium, Polytrichum piliferum, Cetraria nivalis, C. ericetorun, 
Cladonia cornuta, C. phyllophora, Cladina alpestris. The community 
type was further distinguished by the absence of several species which 
were common to the other three community types, e.g., Plagiomnium 
medium, Mnium spinulosum, Brachythecium salebrosum. Ptilium crista- 
castrensis and Dicranum polysetum reached peak cover here. 

Sx species of epiphytic lichens were found only in this 
community type: Platismatia glauca, Hypogymnia bitteri, H. tubulosa, 
Usnea dasypoga, Physcia adscendens, Alectoria pseudofuscescens. 

The soils were Dystric Brunisols, Orthic Grey Luvisols and 
Bisequa Humo-Ferric Podzols developed mostly on residual Tertiary 


parent materials. 


Cornus-—Linnaea community type 


This type (Figure 9) occurred at intermediate altitudes of 716 - 


1112.m (mean 957 m). 


Total tree cover averaged 57%. Abies balsamea (31% cover) was 
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Figure 9. Cornus-Linnaea community type (Stand 25). 
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dominant. Other trees present were: Picea glauca (20%), Populus 
tremuloides (3%), Betula papyrifera s.1. (1%), Populus balsamifera 
(1%), and Pinus contorta ( <1%). Mean tree density was 905 stems/ha, 
and mean total basal area was 49.7 m2/ha. 

Mean oe and fir morphological index values were 1.41 and 
1.50, respectively. Mean stand age was 133 years. 

Mean total shrub cover was 31%, ‘lowest of the four types. Abies 
balsamea saplings were dominant (11%), followed by Viburnum edule (92), 
A. balsamea transgressives (6%), Lonicera involucrata (2%) and Picea 
glauca saplings (22). 


The herb-dwarf shrub iayer had a mean total cover of 103%. Major 


ee oe 


and Gymnocarpium dryopteris (5%). Cornus canadensis, Linnaea borealis 


and Gymnocarpium dryopteris attained maximum cover in this type. 

Mean total bryoid cover was 63%. Major species were Hylocomium 
splendens (31%), Ptilium crista-castrensis (16%), Pleurozium schreberi 
(8%), and Plagiomnium medium (5%). Plagiomnium medium reached peak 
cover here. Four terrestrial bryoids occurred only in this type: 
Plagiomnium rugicum, Isopterygium elegans, Nephroma resupinatum, 


Cladonia chlorophaea. 


The soils were all Orthic Grey Luvisols developed either on 


till or till mixed with residual deposits. 
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The Cornus-Linnaea community type appears to be intermediate 
between thesnearly pure conifer forests, of the Rubus pedatus/Ptilium 
community type and the mixedwood forests of the Viburnum/Hylocomium 
community type. The intermediate nature of this community type is 
supported by floristic composition (including tree morphological 
index values), pec irion on the ordination field (Figure 5), and the 


geographic and altitudinal locations of the stands. 


Viburnum/Hylocomium community type 

This was the most frequently sampled community type, being 
represented by fifteen stands (Figure 10). The type occurred over a 
broad geographic range at altitudes of 579 to 1113 m. The mean altitude 
was 816 m, making it the lowest type. 

Mean total tree cover was 60%, the maximum obtained. Picea glauca 
reached maximum cover (49%), and was dominant, foliowed by Populus 
tremuloides (7%), Abies balsamea and Pinus contorta (each e7). and 
Betula papyrifera s.l., Picea mariana, and Populus balsamifera (1% 
each). This community type had the highest mean tree density (1015 
steme/ha) and mean total” basal, area’ (/2-2 m2/ha). 

The mean spruce and fir morphological index hanes 1237 and. 21) 
indicate a comparatively small amount of introgression from the 
cordilleran species. 

Mean stand age was lowest at 115 years. The rates of Picea glauca 
and Abies balsamea diameter growth were not significantly different 


(t test) from those of the Cornus-Linnaea and Calamagrostis canadensis 


community types. 
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Figure 10. Viburnum/Hylocomium 


community 


type (Stand 30). 
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Mean total shrub cover was 42%, with Viburnum edule contributing 
17%, Rosa acicularis 8%, Abies balsamea saplings 5%, Lonicera involu- 
crata 3%, and A. balsamea transgressives 3%. Viburnum edule, Rosa 
acicularis, and Ribes lacustre all reached peak mean cover values. 

Mean total herb-dwarf shrub cover.was lowest (87%) although 
quite comparable to the Rubus pedatus/Ptilium community type (88%). 
Cornus canadensis was dominant with a mean cover of 13%, followed by 
Linnaea borealis (12%), Rubus pubescens (7%), Mitella nuda (6%), 
Aralia nudicaulis (5%), and Mertensia paniculata (5%). 

Bryoid cover averaged 67%. The main species were Hylocomium 

splendens (39%), Pieurozium schreberi (14%), and Ptilium crista- 
castrensis (10%). Hylocomium splendens had highest cover here. 
Eight species of terrestrial bryoids, e.g. Peltigera polydactyla, 
Dicranum pallidisetum, Plagiomnium rostratum, and five species of 
epiphytes, e.g. Ramalina minuscula, Anaptychia speciosa, Parmelia 
septentrionalis, occurred only in this type. 


The soils were predominantly Orthic Grey Luvisols developed on 


Cid. 


Calamagrostis canadensis community type 
Stands of this community type occurred over a broad geographic 
range at altitudes of 488 - 1113 m (mean altitude 831 m). The altitu- 
dinal range is comparable to that of the Viburnum/Hylocomium and 
Cornus-Linnaea community types. 
The stands were generally open (Figure 11) and had the lowest mean 


tree density (530 stems/ha). The tree layer had a mean cover OF S42. 


the bulk of which was provided by Picea glauca (32%) and Abies balsamea 
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Figure 11. Calamagrostis canadensis community type (Stand 4). 
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(1.02%).e-4Betula papyrifera s.1l. had a mean cover of 6%, Populus 
tremuloides 44, and Pinus contorta and Picea mariana contributed 1% 
each. Betula papyrifera s.1. had maximum cover in this type. The 
mean spruce and fir morphological index values (1.22 and 1.19) were 
lowest aes Total basal area averaged 37.9 ee with Picea glauca 
and Abies balsamea contributing the most. Mean stand age was 119 
years, slightly older than that of the Viburnum/Hylocomium community 
type (115 years). 

Mean total shrub cover was 43%, about the same as the Viburnum/ 
Hylocomium community type (42%). Abies balsamea saplings were dominant 
with a mean cover of 17%, followed by Viburnum edule (9%), and Rubus 
strigosus (6%). - Rubus strigosus and Sorbus scopulina reached their 
highest cover here. 

The herb-dwarf shrub layer had a mean total cover of 126%, highest 
of the four community types. Galamagrostis canadensis (41% cover) was 
dominant, followed by Cornus canadensis (15%), Aralia nudicaulis (13%), 
and Rubus pubescens (6%). The following species reached peak cover: 
Calamagrostis canadensis, Aralia nudicaulis, Epilobium angustifoliun, 
Dryopteris assimilis, D. rerot ees e roitecean sylvaticum and Streptopus 
amplexifolius. Although the high total cover values of both the herb- 
dwarf shrub and the shrub layer would seem to be related to the low tree 
density, no significant correlation was obtained. Total tree cover, 
however, is not much different from the other community types. 

Mean total bryoid cover uae lowest (29%) in this type. The rela- 
tively high total cover of the shrub and herb-dwarf shrub layers 


apparently makes conditions less favorable for the terrestrial bryoids. 
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Hylocomium splendens was dominant (12%) followed by Ptilium 
crista-castrensis (5%) and Pleurozium schreberi (5%). Parmelia 
exasperatula, an epiphytic lichen, and Cladonia cenotea, a terrestrial 
lichen, occurred only in this community type. The following six 
species of cryptogams were absent, although ae occurred in the other 
three community types: Dicranum fragilifolium, Rhytidiadelphus 
triquetris, Ptilidium pulcherrimum, Cladonia coniocraea, Cetraria 
halei, Usnea hirta. 

The soils were all Orthic Grey Luvisols deveioped on till and 
residual Tertiary deposits. 

The Calamagrostis canadensis community type shows a close 
relationship most particularly to the Cornus-Linnaea community type, 


but also to the Viburnum/Hylocomium community type. 


Conclusions 

The nearly pure conifer, higher altitude Rubus pedatus/Ptilium 
community type and the mixedwood, lower altitude Viburnum/Hylocomium 
community type form the two best defined types. 

The Cornus-Linnaea community type appears transitional between the 
two main types, and is not as clear-cut a grouping. 

The Calamagrostis canadensis community type is perhaps a category 
of smaller magnitude than the other three community types. A case 
could be made for combining the Calamagrostis canadensis and Cornus- 
Linnaea community types into one group, or for making a Calamagrostis 
canadensis sub-type under the Cornus~Linnaea community type. Further 


studies may show this to be a better solution, but for the present the 
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ENVIRONMENTAL RELATIONS 


The relationships between vegetational and environmental 
variables were examined by plotting environmental variables on the 
ordination field, and by simple correlation analysis. Although only 
a few environmental factors were measured, several appear to be im- 
portant in determining vegetation pattern. Significant correlation 
between vegetational and environmental factors is only suggestive 
of causality, not proof. Two variables are often correlated by 
virtue of their common correlation with a third, frequently unknown, 
variable. 

The criteria used for stand selection restricted the amount of 
physiographic variation among stands and no relation was found between 
most of the physiographic variables (e.g. slope gradient, aspect) and 
vegetational variables. -However, altitude showed both a distinct 
pattern on the ordination fieid (Figure 12) and significant correlation 
with several vegetational variables (Table 11). Altitude per se is 
probably not important causally, but rather it appears that other fac- 
tors, which are correlated with both elevation and the vegetational 
variables, should be considered as possible causal factors. 

Precipitation increases and temperature decreases with increasing 
altitude in the study area (Table 4, Muttit 1961, MacIver 1970). There 
appears to be a trend of decreasingly favorable moisture conditions 
from the upper left of the field in the Rubus pedatus/Ptilium community 


type, to the lower right, in the Viburnum/Hylocomium community type. 
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Figure 12. Stand altitude on the ordination field. 1 =<700 mn, 
2 = 700 - 1200 m, 3 = >1200m. Actual values in 
Table 5. 
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There was a great deal of similarity in the soils sampled and very 
few of the soil variables showed significant relationships with vegeta- 
tional characteristics. Three reasons may be suggested. First, simple 
correlation assumes a linear relationship between the two variables. 
Other workers (e.g. Beil 1966, Stringer and La Roi 1970) have found the 
relationships between vegetational and soil variables to be non-linear, 
Consequently, simple correlation analysis may be inappropriate to ex 
press the relationship of some of the variables. Secondly, the methods 
used provided limited chronological and spatial sampling of the soil 
variability in each stand. Anderson and Tiedemann (1970) found signifi- 
cant differences between sampling dates for pH, total exchange capacity, 
and exchangeable Na, K, Bea Ca, while spatial variation in forest soil 
chemical properties has been reported by Zinke (1962) and Gersper and 
Holowaychuk (1971). The use of composite samples of the Tee and A 
horizons provided a better sampling of the spatial variation of these 
horizons than for the B and C horizons which were sampled by only one 
pit per stand. Of the six soil variables discussed below which did 
show good correlation with vegetational variables, four were L-H or A 
horizon characteristics. Thus, sampling of soil variability may have 
been inadequate. Thirdly, the results may be a real phenomenon which 
may be interpreted to mean that more properties of the L-H and A horizons 
are significantly related to vegetational variables than those of the 
B and C horizons. 

Little correspondence between soil type and community type was 
apparent. One reason for this may be that the soil subgroup level is a 


relatively broadly defined unit with much internal variation. Classifi- 
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cation of the soils to a lower level, e.g. soil series, may show 
relationships better. A second reason may be that the soil classi- 
fication system is based largely on visual morphological features. 
It appears that in general the features emphasized in soil classifica- 
tion to the subgroup level are not important in determining vegetation 
pattern. Similar conclusions have Been reached by other workers 
(Heringa and Cormack 1963, Daubenmire and Daubenmire 1968, Daubenmire 
1970). 

L-H pH, L-H exchangeable Ca, L-H total exchange capacity, A pH, 

B exchangeable Ca, and C exchangeable Ca showed a gocd correlation with 
both vegetational variables and each other (Table il, Figure 13). 

These soil variables show a gradient from higher soil nutrient levels 
(higher pH and exchangeable cation values) in the lower right of the 
field (Viburnum/Hylocomium community type), te lower soil nutrient 
levels to the upper left (Rubus pedatus/Ptilium community type). 

In summary, the Rubus pedatus/Ptilium community type was associa- 
ted with higher precipitation, cooler temperatures, and a lower soil 
nutrient status than the Viburnum/Hylocomium community type which was 
conversely drier and warmer with richer soils. The other two community 
types were generally intermediate in both altitude and soil fertility 


values. 
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Figure 13. 


Soil variables on the ordination field. 
a. L~H horizon pH: 1 =<4.0, 2 = >4.0. 


b. L-H horizon exchangeable Ca (meq/100g): 


i 
1 = <30, 2 = 30 - 60, 3 =>60. 


c. L-H horizon total exchange capacity (meq/100g): 
1 =<40, 2 = 40 - 90, 3 = >90. 


d, A horizon pH: 1 =< 4, 2 =>4, 


e. B horizon exchangeable Ca (meq/100 g): 
1 =<10, 2 =>10. 


f£. C horizon exchangeable Ca (meq/100 g): 
1 =<14, 2 = 14 = 20, 3 =>20. 
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COMMUNITY PATTERN 


Community pattern was assessed by plotting vegetational variables 
on the ordination field and by simple correlation analysis. The be- 
havior of all species was examined, but only a few are considered here. 

The overall pattern of the stands themselves (Figure 5) showed the 
Rubus pedatus/Ptilium community type in the upper left-hand portion of 
the field; the Viburnum/Hyiocomium community type in the lower center; 
the Cornus—Linnaea community type primarily in the center; and the 
Calamagrostis canadensis community type to the right of the ordination 


field. 


aree Layer 
Stand age (Figure 14) was oldest to the left, in the Rubus pedatus/ 


Ptilium community type, and decreased to the right of the field. The 
pattern is very similar to that of stand altitude (Figure 12) and the 
two are highly correlated (r = +0.67, P <0.01). As noted above, gener- 
ally with increasing altitude precipitation increases and temperature 
decreases. Thus, the probability of fire would seem to decrease with 
increasing altitude, and a stand would have a greater probability of 
surviving to an older age. 

Total tree cover (Figure 14) peaked in the middle of the X-axis in 
portions of the Cornus-Linnaea and Viburnum/Hylocomium community types. 
This pattern’ is similar to that of L-H horizon available Ca (Figure 13). 
The two variables are positively correlated (r = +0.39, P <0.05) sug- 


gesting a causal relationship. Total tree density (Figure 14) reached 
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Figure 14. 


Tree layer variables on the ordination field. 


a. Stand age«(yrs<)ie da 21 s10G a = 2100s 140. 
3 = 150 - 200, 4 = >200. Actual values in 
Table, 33. 


b. Total tree cover: 1 = 1.-99%,) 2 ]= 40 = 1977 enc. 


c. Total tree density (stems/ha): 1 = <600, 2 = 
600 - 700, 3 = >700. 

d. Spruce morphological index: I = Intermediate, 

W = Picea glauca. Actual values in Table 7. 


e. Fir morphological index: I = Intermediate, 
B = Abies balsamea, - = absent. Actual values 
in Table 7. 


f£. Geographic Index: I = Intermediate, B = Boreal. 
Actual values in Table 8. 
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peaks in the center and upper left of the field with minima to the left 
center and right. The pattern shows some similarity to that of total 
tree cover. The similarity is confirmed by the significant correlation 
(r = +0.54, P <0.01) between the two. Totai tree density is not signi- 
ficantly correlated with the L-H horizon exchangeable Ca (r = +0.15). 

The spruce and fir morphological index (Figure 14) reached maximum 
values (Intermediate) to the upper left of the field, primarily in the 
Rubus pedatus/Ptilium community type. The two indexes were well corre- 
tated»with eachother and with altitude (Table 11). 

The four stands rated Boreal with the Geographic Index (Figure 14) 
were to the right of the field in the Viburnum/Hylocomium (Stands 2 and 
3) and Calamagrostis canadensis (Stands 1 and 4) community types. The 
widespread occurrence of lodgepole pine accounts for the greatly expan- 
ded area occupied by the Intermediate category of the Geographic Index 
in comparison with the ii vettedi ace category of the ae and fir 
morphological indexes. 

Picea glauca cover (Figure 15) peaked to the lower right and was 
at a minimum to the upper left. Abies balsamea cover (Figure 15) showed 
an inverse pattern, with a minimum to the lower right and a maximum to 
the upper left. This complementary patterning is confirmed by the 
negative correlation between the cover values of the two species 
(r = -0.70, P <0.01). The pattern of spruce and fir cover closely 
follows that’ of stand altitude (Figure 12) and the correlations are 
significant (Table 12). Fir appears better adapted to moister, cooler, 
higher altitudinal situations with spruce doing better cyanea 


drier, warmer, lower altitudinal situations. Similar observations on 
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the adaptation of these two species have been made by Rowe (1961) and 
Bakuzis and Hansen (1965). 

Pinus contorta cover (Figure 15) peaked to the left of the field, 
while Betula papyrifera s.1. cover (Figure 15) peaked to the right. 
Populus tremuloides cover (Figure 15) showed a maximum down the middle 
with decreasing values to the sides in a pattern similar to that of 
total tree cover (Figure 14). 

The distribution and abundance patterns of the tree species on the 
ordination are considered to depend on the tolerance ranges of the 
species. Although the tolerance ranges, and thus the distributions of 
the trees overlap, each species achieves maximum cover in a different 
part of the ordination field. This distribution on the ordination, 
based on vegetational data, is thought to represent both vegetational- 
physical environmental relationships and interspecific fee eesive rela- 
tionships. These relationships are considered to Aerie an ecological 
optimum or adaptive peak (Whittaker 1967) in which the species popula- 
tion achieves its maximum performance. 

The distribution of both the community types and the understory 
species on the ordination reflect, to a large degree, the distribution 


and influence of the dominant tree species. 


Shrub Layer 


Total shrub cover (including tree transgressives and saplings) 
peaked in the center of the field (Figure 15) but otherwise showed no 
well-defined pattern. Viburnum edule cover and Rosa acicularis cover 


(Figure 16) were both maximum in the center of the field and were well 
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Figure 15. 


Tree species cover and total shrub cover on the 
ordination field. Actual values in Table 9. 


a. Picea glauca cover: 1 =<20%, 2 = 20 = 492, 
3 = 250%. 


b. Abies balsamea cover: 1 =<10%, 2 = 10 - 30%, 


3 =>30%, - = absent. 


c. Pinus: contotta cover: 1 =< 157,.2 => 12, 
- = absent. 


d., Betula papyriféra ssl. cover: (1/="<575°2 = > 57,5 
- = absent. 
Populus tremuloides cover: 1 2297, 207 24, 
- = absent. 


i?) 


f.\ Total shrub cover: Li=ol = 97%, 2 = 10) = 192, etc. 
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Figure 16. 


Shrub species cover on the ordination field. 
Actual values in Table 9, 


a. Viburnum edule cover: 1 =<10Z, =2 10%, 
- = absent. 


b. ‘Rosa aciculeris cover: 1 =< 12%: 2 =>12, 
- = absent. 


c. Rubus strigosus cover: 1 =<52Z, 2 =>52, 
- = absent. 


d. Ledum groenlandicum cover: 1 =<1%, 2 =>12, 
- = absent. 


e. Abies balsamea transgressives: 1 =<5Z, 
2=5 - 94, 3 =210%, - = absent. 


f. Abies balsamea saplings: 1 =<5%, 2 = 5 - 10%, 


3 = 11 - 19%, 4 =>20%, - = absent. 
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correlated (r = +0.59, P <0.01). Rubus strigosus cover (Figure 16) was 
highest to the right in the Calamagrostis canadensis community type, 
and Ledum groenlandicum cover (Figure 16) peaked to the upper left in 
the Rubus pedatus/Ptilium community type. Abies balsamea sapling 

cover (Figure 16) was highest in the center of the field and decreased 
outwards, while Abies balsamea transgressive cover (Figure 16) was 
highest at the left margin of the field and decreased to the right. 


Both Picea glauca transgressive and sapling cover (Figure 17) peaked 


in the center and decreased to the margins. 


Total herb-dwarf shrub cover (Figure 17) was highest to the right 
of the field and generally decreased to the left. Rubus pedatus cover 
(Figure 17) peaked to the upper left, while Rubus pubescens cover 
(Figure 17) peaked to the lower right. The two species overlapped in 
the center of the field, but generally did not occur together (r =-0.46, 
P<<0201)/, 

Calamagrostis canadensis cover (Figure 17) was maximum to the right 
of the field in the Calamagrostis canadensis community type. 

Both Linnaea borealis and Cornus canadensis cover (Figure 18) were 
highest in the center of the field where the species were understory 
dominants in the Cornus-Linnaea community type. Mean cover values for 


the two species were highly significantly correlated (r = +0.55, 


Ps<0.01). 


arb iqae saa metas hh 2 he we. 


loins bers; ater. sult to Tat089 oe wt 


daw (al osu toes ovinaseanment 


Sigts os 0 iain Bi (st. mnt) tae? deoguit | 
Taw part tyes wae ated, ot oa besasso9b vl bteney, ons 


TPeEwAg needa aint vee be son tt oF ah 3 


vn os eight) wie Ababa, ssi, o> sank mma te 
conn wip aang Mme MIN fo aston bm 


‘ 


aa a 
4 4 i Le ie fe ae 
. | | ei | 
Te ~~ | he 


Eigure sli, 


Shrub and herb-dwarf shrub species cover on the 
ordination field. Actual values in Table 9. 


a. Picea glauca sapling cover: L==1%, 2 => 1%, 
- = absént. 


b. Picea glauca transgressive cover: l =<1%, 
2=21%, - = absent. 


c. Total herb-dwarf shrub cover: 1 = 1 -9Z, 
2 = 10, -.192%, etc: 


d. Rubus pedatus cover: 1 =<15%, 2 =>152, 


- = absent. 
e, Rubus pubescens cover: 1 = present - = absent. 
f. Calamagrostis canadensis cover: =< 202%, 


2 =>20%, - = absent. 
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Figure 18. 


Herb-dwarf shrub and bryoid species cover on the 
ordination field. Actual’ values in Table 9. 


a. Linnaea borealis cover: L=s 122,52 == 127 
- = absent. 


b. Cornus canadensis cover: 1 =<202, 2 =2 202. 


ec. Total bryoid cover:+1li= 1-797, 27= 10 = 192," etc. 


d. Pleurozium schreberi cover: 1 =<10%, 2 = 11 - 302, 


3 = >302. 


e. Ptilium crista-castrensis cover: 1 =<10Z, 
2. LOLI 252, 13) =e 252. 


f. Hylocomium splendens cover: 1 =<10%, 2 = 10 - 302, 


3° => 307%. 
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Bryoid Layer 

Total bryoid cover (Figure 18) showed a strong gradient from high 
at the left to low at the right. Pleurozium schreberi cover (Figure 18) 
and Ptilium crista-castrensis cover (Figure 18) were patterned similarly 
(r = +0.61, P <0.01) and both were well correlated with total bryoid 
cover (r = +0.76 and +0.73 respectively, P <0.01). 

Hylocomium splendens cover (Figure 18) was highest in the lower 


portion of the field primarily in the Viburnum/Hylocomium community 


type. 


Conclusions 

Similarities can be seen in the distribution and abundance patterns 
of many of the vegetational variables on the ordination field. Varia- 
bles with similar patterns also tend to be positively correlated (Table 
11). Two groups of vegetational variables are iargely correlated (Table 
11) with the altitudinal and soil fertility gradients recognized in the 
Environmental Relations section above. The first group includes: Abies 
balsamea cover, Pinus contorta cover, Ledum groenlandicum cover, Rubus 
pedatus cover, Vaccinium membranaceum cover, Ptilium crista-castrensis 
cover, Pleurozium schreberi cover, total bryoid cover, stand age, and 
both spruce and fir morphological index values. This group of variables 
corresponds largely to the Rubus pedatus/Ptilium community type and is 
associated with higher altitudes and lower soil fertility. 

The second group includes: Picea glauca cover, Populus tremuloides 
cover, total tree cover, total tree density, Viburnum edule cover, Rosa 


acicularis cover, total shrub cover, Rubus pubescens cover, Linnaea 
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borealis cover, and Hylocomium splendens cover, corresponds largely to 
the Viburnum/Hylocomium community type, and is associated with lower 
altitudes and higher soil fertility levels. 

The existence of these two groups of variables strengthens the 
conclusions drawn earlier about the relationships of the community 
types. The basically coniferous Rubus pedatus/Ptilium and the mixed- 
wood Viburnum/Hylocomium community types are the main types described 
here. The Cornus-Linnaea community type is intermediate between these 
two, and the Calamagrostis canadensis community type shows similari- 
ties to both the Cornus-Linnaea and Viburnum/Hylocomium community 
types. 

In examining the relationships of the environmental and vegeta- 
tional variables several problems arise. The first is that the use of 
simple correlation analysis (Table 11) assumes a linear relationship 
between the variables. Other workers (e.g. Beil 1966, Stringer and 
La Roi 1970) have fourd the relationships to be frequently non-linear. 
Thus the use of non-linear methods may show significant relationships 
not discovered here. The use of multiple regression analysis, which 
considers the simultaneous effect of other variables, may be helpful. 

The second problem concerns the use and interpretation of moisture 
and soil fertility levels. The physiological requirements for these 
factors by the species involved are not known. Neither is it possible 
to estimate the role of factor interaction and factor compensation. 
Thus it is not possible to say if any of the factors considered here 
are actually limiting. Causality is often inferred from significant 


correlation, but should not be assumed to be proved by it. 


ze, =i seo acd & , wi Pe i i 4, 
4 is) oopaiar ee ae <u “ - ie eae at ei Pore aa mr _ 
Heats) ebnoganriai qipveo agains las i npr. ® baw ut wi 


5 , a) } Pappas De ee oF ir > f 
| ‘e bagetongan, ee hee yes, x8 age insbroraot ia 
o 
| | <S\etewe!l witb ELA Rie eta bie i: : 
wa vi o c - ] i: 5 
bg . huts’ Be 4) in ponevoras sat 
ig otic hein he rey, fee: Ty > ei he: rv 7) oma ‘ty Fd af) a oe 4 Ree. ares 
‘ i Y ra wih / 
a ® Sereendisac.e?, S60 funds wehisue neath eal 
Bay ‘ A , » * 
ebaxim 4 bie mot bae ee ghee ee voaatlinag, ebbaoreed oat, 
r. , 3 T  Soeckl rs ea Be el are ~ be hepa s i 7 fe 
i r ¢ ¥ rs fae ff id bi 
T. r THI j cia meri pees ST tere 
wv = =e oe , a rn 
ne 4 od = 4 a 
0 a: 8 seed. vila ; brags aljeevune 
CPO Tre Were ee en i Sl. eagle 
4 7 ' > . ’ 4 \ j 
i , i an or nes pea 
pa Sent etcertianlnagan pape 
“AP, A pi 


sumotivdts sal Yo eqidee bintoy its ‘gokatanns, ak 
7) 7 i ; da 
arts i ands iT, ai% emt Prov ty Anaauee: soldabiay tas 


4 He st+e ¢ spor’! s seeeeern {fi tae) ob ay es a nphseferved * jo 


Ic: of Ae?) lLioe ee % } eis sian 430 Sah takin silt - 
; it. ~~ or ; » : 


on vidaeuessi of of @ nbetiew uty Tite aa awa’ ‘wt corer | 


iokiniss fagotinny she wos vista bor jum ‘jee On oy 
. rar aA, : / ) 
do 2ri-: : -eyfsas molkua tga % gk fun to ‘alr ont sexsi 


sivioisd ed vam ,eeldutray ypiddo ss aaette | suncioie3 St by 


| | : i \ é ihe " al ales tan 


utudelor te noltasiorqwesat bee Seu wil: a assent ae beer messi vole ri, 
Tian - 
: ‘ 


‘@eed? 10k ateomotiopss Lew palddeguy ae “yaleol enlist ee 
a) ry &. VF un a 


ade zt al inet bat Sac uta 300 ore bewlbunt whe: vege we 33) 


1 b ES 


i - 


ay a me 


y 
a 


Aa 
a0 o 2. Loy ad? 9 


a) 4 Ai vie - 


a idtenog 2 


ered beteblens. 270348 3 “rf reat 
“UF ne ; - is ie 


ei 4 : : 
agate ie be 2s te) ues: at 


ine 
i" pid a 


Ne) 
i) 


A third problem concerns the environmental data used. The soils 
data were collected from only one pit per stand which provided a very 
limited sampling of spatial and chronological soil variability in each 
stand, as discussed on page 72. Moisture conditions were inferred from 
temperature and precipitation data collected often some distance from 
the stand, rather than being based on actual soil moisture measurements 
in each stand. 

Thus, the relationships indicated in the Environmental Relations 


and Community Pattern sections must be considered as only tentative. 
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GEOGRAPHIC RELATIONS 


Floristics 

The flora of the study area is basically of boreal affinity, but 
also contains distinctive cordilleran and Pacific elements (Moss and 
Pegg 1963). Several of these cordilleran and Pacific species reach 
their eastern limits in central Alberta spruce-fir forests, particular- 
ly in Swan Hills. 

Plants of primarily cordilleran affinity (Moss and Pegg 1963) 
found in the spruce-fir stands studied were: Abies lasiocarpa, Arnica 
cordifolia, Dryopteris assimilis, Menziesia glabella, Picea engelmannii, 
Pinus contorta var. latifolia, Rhododendron albiflorum, Rubus pedatus, 
Sorbus scopulina, and Vaccinium membranaceum. Species of basically 
Pacific affinity which occurred in the study stands were Oplopanax 
horridum and Tiarella trifoliata. 

Table 12 shows the occurrence of the cordilleran and Pacific 
elements by community type. The Rubus pedatus/Ptilium community type 
has the greatest number of occurrences of the "western" floristic 


elements, and the Viburnum/Hylocomium community type has the fewest. 


Forest Sections 

Rowe (1959) separated the Lower Foothills Section (Bl19a) of the 
Boreal Region from the Mixedwood (B1l8a) and Hay River (B18b) Sections 
largely on the basis of ". . . the appearance of Cordilleran forest 
elements, particularly lodgepole pine. ... The distinctive tree 
species [for the tener Foothills Section] is the lodgepole pine." 


Three eastern outliers of the Lower Foothills Section were identified 
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Table 12. Occurrence of cordilleran and Pacific floristic elements 


by community type. 


Community type 


Rubus 
Species pedatus/ Cornus- Viburnum/ Calamagrostis 
Ptilium Linnaea Hylocomium canadensis 
Abies lasiocarpa X 
Arnica cordifolia X X Xx X 
Dryopteris assimilis X X X X 
Menziesia glabelia X 
Picea engelmannii X 
Pinus contorta X X X X 
Rhododendron albiflorum X 
Rubus pedatus X X X 
Sorbus scopulina X xX xX X 
Vaccinium membranaceum X 
Oplopanax horridum X X Xx 
Tiarella trifoliata X 


Number of occurrences to 6 4 6 
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by Rowe: the Caribou Mountains and Marten Mountain-Pelican Mountain 
in northern Alberta (Figure 1), and the Cypress Hills in southeastern 
Alberta and southwestern Saskatchewan. 

This study has identified an additional area, Watt Mountain 
(Figure 1), as a small outlier of the Lower Foothills Section in 
northwestern ae 

The Christina highland (Figure 1) is best left in the Mixedwood 
Section: (Rowe 1959). Although the pine populations were predominantly 
lodgepole, the stands were rated as Boreal on the Geographic Index 
(Table 8), and the floristic affinities of the other species are 
primarily boreal. 

Two other northern highland areas, the Birch Mountains and the 
Buffalohead Hills (Figure 1), were not investigated. Raup (1933) and 
Critchfield and Little (1966) have reported cordilleran floristic 
elements from these areas which suggests that they nari perhaps be 
included in the Lower Foothills Section. However, present information 


is insufficient to make such a decision. 


Comparison with other studies 

In the following discussion the term "similarity" is Peeagucntiy 
used or implied. The lack of suitable published data has not permitted 
a quantitative analysis of similarity among the various vegetation 
types discussed, and thus similarity has been judged, somewhat subjec- 
tively, on the basis of floristic composition and dominance. 

In addition, few workers have described the bryophyte and lichen 


component of the vegetation in their study areas. This makes comparison 
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with the results of this study more difficult since the bryophytes 
and lichens are an important part of the vegetation of spruce-fir 
forests and have played an important role in the recognition of 
community types in this study. 

The forest descriptions of Raup (1933, 1934, 1946) and Moss (1953, 
1955, Moss and Pegg 1963) are primarily floristic and non-quantitative 
and it is difficult to relate them to the community types recognized 
here. 

Raup (1933, 1934, 1946), working primarily in northern Alberta, 
used the category "upland spruce forests'' which is much broader than 
the community type and which he did not divide into smaller categories. 
All of the stands in the present study were upland spruce forests by 
virtue of the stand selection criteria. Many of the species listed by 
Raup were found in the present study. 

In a series of papers, Moss (1953, 1955, Moss and Pegg 1963) 
divided upland spruce forest in northern Alberta into several Clement- 
sian associations and faciations. The "shrub-herb faciation" of the 
"white spruce association" (Moss 1953) is very similar to the Viburnum/ 
Hylocomium community type. The "grass-shrub faciation" (Moss 1953), 
characterized by Elymus innovatus and Shepherdia canadensis on dry 
sites, has no counterpart here. 

The "feather moss faciation", which Moss (1953) likens to Raup's 
upland spruce forests, occurs under a dense tree canopy and floris- 
tically is closest to the Viburnum/Hylocomium community type. However, 
the classification is somewhat confusing in that the "feather moss 


faciation" is later equated with the "white spruce association" of the 
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"boreal-cordilleran transition forests" (Moss 1955), and with the 
"white spruce faciation" of the "upland coniferous forest" (no 
association indicated) (Moss and Pegg 1963). 

La Roi (1967), using qualitative floristic criteria, recognized 
a white spruce-fir, Populus/Salix/Shepherdia, Lonicera/Rubus-Lathyrus 
Sstand-group in northwestern Alberta and adjacent Mackenzie District, 
N.W.T. The stand-group is based on quite different criteria from 
those used in the present study and is a broader unit than the ccmmunity 
type. However it is a mixedwood type and as such is similar to the 
Viburnum/Hylocomium community type. In the white spruce-fir stands, 
the Lower Foothills Section was represented by a stand which, based on 
the quantitative data given, would fit into the Viburnum/Hylocomium 
community type. 

Working in the Lower Foothills Section in central Alberta, Lesko 
and Lindsay (1973) described four white spruce associations: the white 
spruce-horsetail (Equisetum arvense) association, the white spruce- 
sarsaparilla (Aralia nudicaulis) association, the white spruce-feather 
moss (Hylocomium splendens) association, and the white spruce-blueberry 
(Vaccinium myrtilloides) association. The classification methodology 
was Zurich-Montpellier and the associations do not correspond entirely 
to any of the four community types. For example, Dryopteris dilatata 
and Lycopodium obscurum, the "exclusive" species for the white spruce- 
sarsaparilla association, occur in four and three of the community 
types, respectively. From the qualitative listing of character, con- 
stant, and companion species, the four associations appear most like the 


Viburnum/Hylocomium community type. 
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Duffy (1965) recognized five communities in the Mixedwood Section 
of Alberta. His shrub-herb-moss community, which occurs characteris-—- 
tically on moderately well-drained sites, is very similar to the 
Viburnum/Hylocomium community type. The other four communities have no 
counterpart here. 

Plochmann (1956) recognized a spruce-poplar-fir type (Picea 
glauca—Populus balsamifera-Abies balsamea) as the climax type on min- 
eral soils in northwestern Alberta. This broad category seems equiva- 


' Only tree data were presented 


lent to Raup's "upland spruce forests.' 
but many of the stands appear to be close to the Viburnum/Hylocomium 
community type. 

Newsome and Dix (1968) described the forests of the Cypress 
Hills which are a southeastern outlier of the Lower Foothills Section. 
No Abies occurs in the Cypress Hills, but the white spruce coneaes 
are similar to those in northern Alberta. The white spruce-aspen 
forest shows greatest affinity to the Viburnum/Hylocomium community 
type. The white spruce-lodgepole pine forest contains a combination of 
species unlike any of the community types recognized here. This con- 
ifercus forest appears to be much drier than the nearly pure conifer 
Rubus pedatus/Ptilium community type in northern Alberta. 

To the east of the study area, Halliday (1929, 1930) delineated 
forest types in Manitoba and Saskatchewan. The Herb type of Grass- 
Herb Forest and the Transition type of Moist Moss Forest appear most 
similar to the Viburnum/Hylocomium community type. The Hylocomium type 


of Moist Moss Forest is perhaps closest to the Viburnum/Hylocomium 


community type. 
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In Manitoba and Saskatchewan, Rowe (1956) described the forest 
vegetation of a region very similar floristically to northern Alberta. 
The Picea-Populus/Calamagrostis-Aster-—Anemone community closely resem- 
bles the Calamagrostis canadensis community type. The Picea/Mitella- 
Petasites—Mertensia community, the Picea-Abies/Hylocomium-Viola-Trien- 
talis community, and the Picea/Cornus—Linnaea-Vaccinium community are 
all similar to the Viburnum/Hylocomium community type. The stands with 
a nearly pure conifer canopy and well developed moss layer, are perhaps 
structurally similar to the Rubus pedatus/Ptilium community type, but 
are quite different floristically containing elements more typical of 
the Viburnum/Hylocomium community type. 

Van Groenewoud (1965a) analyzed white spruce communities in 
central Saskatchewan using both vegetational and soil characteristics. 
Chi-square association analysis was used to recognize three community 
types. The Equisetum pratense and E. arvense community types appear 
unlike any of the community types recognized here although the lack of 
vegetational data makes comparison difficult. Equisetum pratense did 
not occur in any of the stands studied, while E. arvense occurred spor- 
adically, primarily in the Viburnum/Hylocomium type. The third 
community type, "a very variable community type typified by a more-or- 
less developed moss-herb--shrub vegetation" (van Groenewoud 1965a), was 
subsequently classified (van Groenewoud 1965b) by the Zurich-Montpellier 
method into three vegetation units. The three units most closely re- 
semble the Viburnum/Hylocomium community type. However, van Groenewoud's 
vegetation data (1965b) show only Viburnum trilobum and not V. edule 


which was the dominant shrub in northern Alberta. It appears that a 
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misidentification has been made since Swan and Dix (1966, Dix and Swan 
1971) working in the same area of central Saskatchewan, reported 
V. edule from white spruce forests, but did not list V. trilobum. 

Swan and Dix (1966, Dix and Swan 1971) studied upland forests 
in the Mixedwood Section of central Saskatchewan. Their Picea 
glauca dominated stands resemble those of the Viburnum/Hylocomium 
community type. Their Abies balsamea dominated stands are also 
closest to those of the Viburnum/Hylocomium community type, whereas 
northern Alberta stands with large amounts of Abies balsamea gener- 
ally were classified as either the Rubus pedatus/Ptilium or Cornus- 
Linnaea community type. 

Horton (1959) studied forests immediately west of the study area 
in the Upper Foothills Section and the East Slope Rockies Section 
(Rowe 1959). This region is in the western portion of the transition 
from boreal to cordilleran forests. The spruce populations ranged 
from Picea glauca in the valleys, through "a complex gradient resembling 
a hybrid swarm" (Horton 1959) on the lower and mid-slopes, to P. 
engelmannii above 1830 m. Horton divided the communities into Picea 
glauca, Intermediate and P. engelmannii types based on a hybrid index 
evaluation. The Picea glauca type is closest to the Viburnum/Hylocomium 
community type. Although aspen appears to be absent, the small amount 
of fir, the predominance of boreal species in the understory, and the 
hybrid index determination of Picea glauca, all suggest such affinity. 

The Picea engelmannii type contained an abundance of fir and 


cordilleran elements such as Menziesia glabella and Vaccinium membran- 
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aceum which suggest a similarity to the Rubus pedatus/Ptilium community 
type. However, Rubus pedatus was apparently absent in all types. The 
Intermediate type appears similar to the Cornus~Linnaea community type. 

The cordilleran sub-alpine spruce-fir forests to the west and south 
of the study area are structurally similar to those of the study area, 
but show weaker floristic affinities than do the boreal spruce-fir 
forests to the east. 

Beil (1966) described sub-alpine spruce-fir forests in Jasper and 


rt 


Banff National Parks. The spruce were considered to be “a hybrid 
swarm of intermediates. . . inclined toward Engeimann spruce." Using 
presence of herb and dwarf shrub species, Beil showed that the Jasper 
and Banff spruce-fir forests had greater floristic affinity to boreal 
spruce-fir forests west of Lake Winnipeg than to cordilleran spruce-fir 
forests described by Oosting and Reed (1952) in southern Wyoming. 
However, a geographic floristic gradient was Bier oneal Beil's data 
and the more southern stands showed greater cordilleran affinities. 
Stands in Jasper and northern Banff (north of Bow Pass) at altitudes 
of 1675 to 1920 m contained Rubus pedatus and are similar to the 
Rubus pedatus/Ptilium community type. 

Ogilvie (no date a & b, 1960, 1963, Kirby and Ogilvie 1969) 
studied the sub-alpine forests around Banff National Park. The Picea- 
Abies/Menziesia-Lycopodium habitat type was widespread and is most 
similar to the Rubus pedatus/Ptilium community type. The Picea-Abies/ 


Hylocomium-Cornus habitat type occurred on warmer, drier sites within 


the Picea-Abies/Menziesia-Lycopodium habitat type and resembles the 


Cornus-Linnaea community type. 
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Ogilvie (1962) pointed out a floristic discontinuity at about 50° 
N in southwestern Alberta. Descriptions of spruce-fir forests south 
of this boundary in southwestern Alberta (Kuchar 1973), Montana (Kirk- 
wood 1922, Patten 1963, Habeck 1967), northern Idaho and eastern 
Washington (Daubenmire and Daubenmire 1968), Wyoming (Blake 1945, 
Oosting and Reed 1952, Despain 1971), and Colorado (Stahelin 1943, 
Langenheim 1962), indicate that the affinity of these forests with 
those in the study area is not strong. While there is marked 
structural similarity, the vascular understory plants, in particular, 
are quite different. 

Arlidge (Illingworth and Arlidge 1960) described site types in 
Picea glauca-Abies lasiocarpa forests around Prince George, B.C. Both 
the Cornus-Moss and the Aralia-Dryopteris site types have major similar- 
ities to the Cornus-Linnaea community type and lesser ones with the 
Rubus pedatus/Ptilium community type. 

Kujala (1945) delineated forest vegetation types for much of 
British Columbia and portions of the adjacent Rocky Mountains in 
Alberta. The Rubus pedatus/Ptilium community type corresponds most 
closely to his Tiarella-Rubus pedatus sub-type, and has somewhat lesser 
affinities to the Tiarella-Rubus pedatus-Rhododendron sub-type. The 
Rubus pedatus-Vaccinium membranaceum sub-type resembles the Cornus- 
Linnaea community type, and the Mitella-Cornus sub-type shows relation- 
ships with both the Cornus~Linnaea and Viburnum/Hylocomium community 


types. 
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Revel (1968), in a study of the Sub-boreal Spruce Zone (Krajina 
1965) of northern British Columbia, recognized a Picea glauca-Populus 


tremuloides-Alnus sinuata~-Aralia nudicaulis-Moss (Ptilium crista- 


castrensis, Hylocomium splendens, Pleurozium schreberi) association 
which resembles the Viburnum/Hylocomium community type recognized here. 
The Picea glauca~Abies Jasiocarpa-Rubus pedatus-—Cornus canadensis—Moss 
(Ptilium crista-castrensis, Pleurozium schreberi) association appears 


closest: to the Rubus pedatus/Ptilium community type. 


To the north, in the southwestern part of the Northwest Territories, 


Raup (1947) briefly described upland spruce forests. In the vicinity of 
Fort Simpson, these forests are generally comparable to the upland 
spruce forests of northern Alberta (Raup 1933, 1934, 1946), which were 
previously discussed. The Fokpusdinnzon forests show strong boreal 
floristic affinities, and are most similar to the Viburnum/Hylocomium 
community type. The white spruce forests further to ahs west, near the 
Yukon Territory border, do not appear similar to any of the community 
types recognized in the present study. 

Jeffrey (1964) also worked in the southwestern Northwest Territor- 
ies, and recognized a series of forest types. The mixed coniferous 
(high elevation) and the alpine fir forest types of the Mackenzie 
Mountains, both show affinities to the Rubus pedatus/Ptilium community 
type; the former more so than the latter. The mixed coniferous (low 
elevation) forest type of the Mackenzie Mountains and the mixedwood 
forest type of the Mackenzie lowland are both similar to the Viburnum/ 


Hylocomium community type. 
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Lutz (1956) described broadly-defined forest types from the 
interior of Alaska. His Picea glauca and P. glauca-Populus tremuloides 
types are quite similar to the Viburnum/Hylocomium community type. His 
Picea glauca-Betula papyrifera type has affinities with the Calamagros= 
tis canadensis community type. Calamagrostis canadensis is important 
in the understory of many of the forest types in the Alaskan interior. 

Within the study area there is a significant trend (Table 12) of 
increasing amounts of fir and decreasing amounts of spruce with increas- 
ing altitude, which is similar to the west to east trend across North 
America noted by La Roi (1967). As one moves from eastern Canada into 
the Prairie Provinces, fir cover becomes quite low in comparison to 


that of spruce (Table 9, Viburnum/Hylocomium community type). Then as 


one moves within Alberta to higher altitudes from the mixedwood 
Viburnum/Hylocomium community type, through the transitional Cornus- 
Linnaea community type, into the Rubus pedatus/Ptilium community type, 
fir cover increases to amounts equal to or greater than spruce. 
Sambucus pubens, Listera cordata, and Coptis trifolia show a similar 
pattern in that they occur only in the higher altitude stands in 
Alberta and only in eastern Canada in La Roi's (1967) study. Thus, al- 
though the floristic differences between the boreal forest of Alberta 
and that of eastern Canada are large, the performance patterns of 


several species suggest a similarity-between the Rubus pedatus/Ptilium 


community type and boreal spruce-fir forests of eastern Canada. Further 


support comes from Moss and Pegg (1963) who have noted the occurrence 
of several species with eastern affinities which occur in other vegeta- 


tion types in the highlands of northern Alberta. 
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Table 13 summarizes the occurrence, by geographic area, of the 
vegetation types discussed above. The Rubus pedatus/Ptilium community 
type has its greatest affinities with the spruce-fir forests of the 
Far-Northern Rocky Mountains (Daubenmire 1943) of Alberta, northern 
British Columbia, and southwestern Northwest Territories. Cordilleran 
spruce-fir Accs south of about 50° N are structurally similar to the 
forests of the study area but quite different floristically. 

The Cornus-Linnaea community type also shows relationships with 
the cordilleran forests of Alberta and northern British Columbia and 
appears to be intermediate between the preceding and following com- 
munity types. 

The Viburnum/Hylocomium community type is related most closely to 
the mixedwood forests of the closed boreal forest (Hare and Ritchie 
1972) which extends from Alaska to Newfoundland. The relationships 
have been traced only as far east as Manitoba (Halliday 1929, 1930, 
Rowe 1956) since the floristic differences become marked further to the 
east (La Roi 1967). 

Forest types similar to the Calamagrostis canadensis community 
type occur in the mixedwood forests of Alaska (Lutz 1956), and Manitoba 


and Saskatchewan (Rowe 1956). 
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SUCCESSION AND CLIMAX 


The influence of fire on the western boreal forest has been well 
documented (Raup 1946; Moss 1953, 1955; Horton 1956, 1959; Lutz 1956; 
Rowe 1956, 1961; Scotter 1963; Jeffrey 1964; Dix and *Swan 1971).° As 
a consequence of frequent fire, stands of forest such as those inves- 
tigated here ooneries a very small portion of the landscape. The 
balance of the upland is occupied by younger, post-fire communities. 

Although post-fire succession has been generaily acknowledged to 
occur, the concept of boreal climax vegetation has been the subject of 
much difference of opinion. Since Picea glauca and Abies balsamea 
in the study area show evidence of introgression with P. engelmannii 
and A. lastocarpa respectively, and since the ecologies of the two 
spruce and two fir species are quite similar, evidence and opinion 
from both cordilleran and boreal spruce-fir forests will be considered. 

Spruce-fir forests have been considered a self-perpetuating, 
climax type by Oosting and Reed (1952), Cormack (1953), Plochmann (1956) 
and Beil (1966). Moss (1955) interpreted white spruce forests "as 
the climax vegetation on mesic sites", but also said, "it seems 
doubtful: whether this community is self-perpetuating,."' 

Several authors (Moss and Pegg, 1963; Daubenmire and Daubenmire 
1968; Day 1972) have considered the climax forest to be dominated by 
fir with lesser amounts of spruce, since fir regeneration is often 
prominent in old stands. 


However, other workers (Oosting and Reed 1952; Horton 1959; Beil 


1966) have suggested that while fir reproduction is prolific, rela- 
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tively few develop into mature trees compared to spruce. Thus the 
forest will remain predominantly spruce. 

Bloomberg (1950), Horton (1959), and Rowe (1961) considered the 
matter of climax to be largely an academic question since fire is so 


prevalent that a stand is not likely to remain unburned long enough 


for a second generation of spruce-fir canopy trees to become established. 


Rowe (1961) described the western boreal forest as "a disturbance 
forest [in which no species has] in full the silvical characteristics 
appropriate to participation in a self-perpetuating "climax'. ... 
Only balsam fir has the ability to consistently reproduce itself on the 
forest humus under 2 closed canopy of the longer-lived trees, but as 
this species is otherwise poorly adapted to the relatively dry contin- 
ental interior environment its importance in the general forest picture 
is minor." 

Dix and Swan (1971) have taken a similar position: "Any attempt to 
fit the vegetation into the mold of a climax concept would be unreal 
and, in our opinion, unjustified." 

hus opinion ranges from succession to a self-perpetuating 
climax forest dominated by spruce or fir, to succession mone a 
terminal climax stage but merely a Mioneelied forest which tends "to 
remain open, unhealthy, ragged and frequently brush-filled, awaiting 
the rejuvenating touch of fire, flood, or windfali-ploughing of the 
soil" (Rowe 1961). 

While climax vegetation may have been largely a matter of theore- 
tical interest due to the prevalence of fire, increasingly effective 


fire control (Day 1972) may permit the development of stands for much 
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longer periods of time than at present. 

All of the stands investigated showed evidence of fire history 
(e.g. charcoal and burn scars) and appear to be almost entirely first 
generation spruce or spruce and fir following fire. Horton's (1956) 
observation that stands more than 150 years are very rare is borne out 
by the ages of the stands in the Calamagrostis canadensis, Viburnum/ 
Hylocomium, and Cornus-Linnaea community types (Table 14). The stands 
of the Rubus pedatus/Ptilium community type are older, suggesting a 
lower eee eee of fire, perhaps due to higher precipitation and lower 
temperatures at higher elevations (Table 4). 

Following fire, Populus tremuloides and/or Pinus contorta are the 
primary pioneer trees, although both Picea mariana (black spruce) and 
Picea glauca appear to seed directly into burned sites also, usually in 
lesser numbers. The aspen and pine have faster initial growth rates 
than spruce and a typical stand 40-50 years after a fire has a canopy 
of aspen and/or pine with spruce in the understory, Fir appears to 
enter a stand at around 50-75 years although this is not inevitable 
(see stands 5,19, 21, 23, 2/7; Table 9). At about 50-75 .vears after 
fire for aspen (Moss 1932, 1955), and 70-125 years for pine (Horton 
1955, 1956; Moss 1955; Day 1972), spruce overtakes the aspen andor 
pine canopy and becomes dominant. With further development the pine 
and aspen decline, although the rate of succession varies with initial 
stocking rates of the species and site conditions (Horton 1956). Lodge- 
pole pine is Rane itecab ty longer lived (290 years, Horton 1956) than 


aspen (120 years, Moss 1932) and old pine were still present in the 


Oldest stands studied. 
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Table 14. Stand Age 


————— 


Community type 
Beem e dwren 1) vw ace nremeee ne OO Lear e 


Rubus pedatus/ 


Ptilium 
6 164 
7 234 
g 197 
9 ZiT 
10 228 
29 256 
Mean 216 
Cornus-Linnaea 
dl i238 
15 ELS 
18 126 
05 141 
28 164 
Mean 133 
Viburnum/ 
Hylocomium 
5 159 
3 elo? 
12 116 
13 116 
14 23 
16 110 
17 120 
19 ee 
20 101 
1 EZ 
99 bit 
23 28 
24 #35 
27 108 
30 125 
Mean eae 
Calamagrostis 
canadensis 
1 106 
h PS) 
5 86 
2% 128 
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These successional events generally describe the apparent 
developmental histories of the stands studied. The Rubus pedatus/ 
Ptilium community type appears to have developed primarily from pine- 
white spruce or sometimes pine-black spruce seral stages, the Cornus- 
Linnaea community type from pine-aspen-white spruce seral stages and 
the Viburnum/Hylocomium and Calamagrostis canadensis community types 
primarily from aspen-white spruce seral stages. 

Rowe's (1956) observations on the origin of his Picea-Populus/ 
Calamagrostis-Aster-Anemone type are germane here: "Following fires 
or logging Calamagrostis canadensis often spreads rapidly forming a 
meadowland type of vegetation which persists even after the forest has 
been re-established. . . . There is apparently little difference in the 
composition of the vegetation whether associated with aspen, balsam 
poplar or open stands of white spruce. .. . The reason may possibly 
be traced to the underlying heavy-textured soils which are subject to 
surface flooding in the spring." 

Corns (1972) studied early succession following clearcutting in the 
western part of the Lower Foothills Section in Alberta. His finding 
that Calamagrostis canadensis formed a thick turf on the moister, alti- 
tudinally higher. sites supports Rowe's hypothesis concerning soil 
moisture. Corns also found that a dense Calamagrostis sward reduced 
tree regeneration establishment which may explain the low tree density 
noted both by Rowe and in the present study. 

Lutz's (1956) stands with a Calamagrostis dominated understory 
were certainly of fire origin and although no statements about soil 


moisture were made, it can be inferred from the species listed that the 
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Bhees were quite moist. 

Figures 19-22 show the age structure of the white spruce and 
balsam fir populations of a typical stand of each community type. 
Linear regression analyses predicting age from dbh (Figures 7 and 8) 
for each community type were used to establish an average age for the 
dbh size classes (10-20 cm, 20-30 cm, etc.) into which the trees were 
divided. The tree ages shown in the figures are age at breast height 
C1 235)°m)« 

The seedling, transgressive, and sapling classes were plotted for 
all stands at 5, 15, and 50 years respectively on the basis ahs 
average basal ages for these size classes. There was no significant 
difference either between spruce and fir (t test) or among the four 
community types (analysis of variance) in each of the three size 
classes. 

The age structure patterns of spruce and fir in the four community 
types are similar. Of the two species, spruce becomes established first, 
followed by fir somewhat later. At present both species are reproducing 
with fir regeneration greatly out-numbering that of spruce. Spruce 
regeneration may be episodic, as indicated by stands which lack 
seedlings but have transgressives and saplings. Episodic seedling 
establishment seems tied to climatic and seed crop fluctuations (Boe 
1954, Rowe 1955, Waldron 1965, Zasada and Gregory 1969, Roe et al. 
1970, Zasada and Viereck 1970). A trend toward larger amounts of fir 
as succession proceeds is indicated by the preponderance of fir regen- 


eration and the higher cover values for fir in the older stands studied. 
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Figure 19, Spruce and fir population analysis. Rubus 
pedatus/Ptilium community type (Stand 7). 
s = seedlings, t = transgressives, sa = saplings, 
Picea glauca, x = Abies baisamea. 
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Figure 20. Spruce and fir population analysis. Cornus- 
Linnaea community type (Stand 28). 
s = seedlings, t = transgressives, sa = saplings, 
- = Picea ¢lauca, x = AblLes balsamea, 
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Figure 21. Spruce and fir population analysis. 
s = seedlings, t = transgressives, sa = saplings, 
- = Picea’ glauca, x = Abies balgsamea, 


a. Viburnum/Hylocomium community type (Stand 17). 


b. Calamagrostis canadensis community type 
(Stand: 4). 
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The latter point, however, is confounded by the oldest stands occurring 
at higher elevations where moisture conditions appear to be more favor- 
able for fir (Rowe 1961, Bakuzis and Hansen 1965). Neither does 
abundant regeneration insure eventual canopy dominance, and quantitative 
information on the fate of the regeneration is lacking. As mentioned 
above, there is evidence that fir suffers a larger mortality and this, 
coupled with the shorter lifespan of fir (200 years, Horton 1956) as 
compared with spruce (300-350 years, Horton 1956), insures that spruce 
will remain in old-age stands. Whether the forest eventually becomes 
dominated by spruce or by fir probably depends on the local site 
conditions (Rowe 1961), with fir being favored at higher elevations and 
white spruce at lower elevations in the study area. 

Whittaker has pointed out that the terms "climax" and "succession" 
refer "to different degrees of instability or of apprceach to a steady 
state no longer changing successionally" (Whittaker 1953). No other 
upland vegetation types in the study area appear to be as stable (long- 
lived) as the spruce-fir forests. 

In summary, while there is lack of corroborative evidence from 
stands undisturbed for 350 years or more (longer than the lifespan of 
Picea glauca), there are two sources of evidence which indicate that 
these spruce-fir forests are a climax vegetation type, i.e. composed 
of self-perpetuating spruce and fir populations. The first is the 
evidence of self-regeneration shown by the population analyses. The 
second source is the lack of evidence of any other vegetation types or 
species capable or replacing them. There is evidence of increasing 


amounts of fir for the first 200 years or so, but the trend apparently 
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does not appear to continue to pure fir forest. This trend appears 
to be strongest at the higher elevations in the study area and weaker 


in the lower elevations. 
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SUMMARY 


Thirty stands of spruce-fir forest in highland areas of northern 
Alberta were studied to provide: 1) a description and classification 
of these forests, and 2) a description of selected site characteristics. 

The highlands are erosional remnants, underlain by flat-lying 
bedrock of late Cretaceous or Tertiary Age, which rise 300-600 m above 
the lowlands. The bedrock is capped usualiy with glacial till, but 
in some areas with unconsolidated, upper Tertiary gravels. Pleistocene 
ice left the area about 11,000 years BP. 

During the growing season (May - September) the highlands are 
cooler and receive more precipitation than the adjacent lowlands. 

Orthic Grey Luvisols were the most common soil type found. They 
occurred on all types of parent material on well to moderately well 
drained sites, and appear to be the most extensive soil type in upland 
sites under forest vegetation. Other soil types found were: Gleyed 
Grey Luvisol, both Orthic and Degraded Dystric Brunisols, Bisequa 
Humo-Ferric Podzol, and Orthic Regosol. 

A Morphological Index evaluation of the spruce and fir species 
populations showed the spruce to be basically Picea glauca with varying 
amounts of introgression from P. engelmannii and the fir to be primarily 
Abies balsamea with some introgression from A. lasiocarpa. The pine 
populations were nearly all Pinus contorta var. latifolia with the 
easternmost stands studied showing intergradation with P. banksiana,. 

A Geographic Index, based on the spruce, fir and pine populations, 


showed a trend of increasing "boreality" from west to east and from 
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high altitude to low altitude in the study area. 

Using both ordination and cluster analysis four community types 
were recognized, 

The Rubus pedatus/Ptilium community type had a nearly pure conifer 
tree layer usually dominated by fir. Diameter growth of spruce and fir 
was slowest and the stands were the oldest and floristically most 
Cordilleran. Bryoid cover was highest and total tree cover lowest. The 
stands occurred at the highest altitudes studied (1220-1295 m). 

The Cornus-Linnaea community type was intermediate between the 
Rubus pedatus/Ptilium and Viburnum/Hylocomium community types in terms 
of floristic composition, position on the ordination field, ana the 
geographic and altitudinai locations of the stands. 

The Viburnum/Hylocomium community type was the most common type 
sampled (15 of 30 stands). The stands were generally Hesse Mean 
total tree cover, density, and basal area were highest. Mean total 
herb-dwarf shrub cover, mean stand age and mean stand altitude were 
lowest. 

The Calamagrostis canadensis community type was characterized by 
Calamagrostis canadensis being dominant in the understory. Mean tree 
density, mean spruce and fir morphological index values, and mean total 
bryoid cover were lowest. Mean total herb-dwarf shrub covér was highest. 

Simple correlation analysis and the plotting of non-vegetational 
variables on-the ordination field revealed that both altitude and a 
group of six soil variables showed correlated trends across the 


ordination field. The altitudinal trend was interpreted as indicating 
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decreasingly favorabie moisture conditions from the upper left of the 
field to the lower right. The soil variables showed a gradient from 
higher soil nutrient levels in the lower right of the field, to lower 
levels to the upper left. 

Thus; the Rubus pedatus/Ptilium community type was associated with 
higher precipitation, cooler temperatures, and a lower Soil nutrient 
status than the Viburnum/Hylocomium community type, which was conversely 
drier and warmer with richer soils. The other two community types 
were generally intermediate in both altitude and soil fertility values. 

Community pattern was examined using correlation analysis and by 
plotting vegetational variables on the ordination field. Two groups of 
positively correlated variables were apparent, which were also correla- 
ted with the altitudinal and soil fertility gradients recognized. 


The first group included: Abies balsamea cover, Pinus contorta 


cover, Ledum groenlandicum cover, Rubus pedatus cover, Vaccinium 


membranaceum cover, Ptilium crista-castrensis cover, Pleurozium 
schreberi cover, total bryoid cover, stand age, and both spruce and fir 
morphological index values. This group was associated with higher 
altitudes and lower soil fertility values and corresponded largely to 
the Rubus pedatus/Ptilium community type. The second group included: 
Picea glauca cover, Populus tremuloides cover, total tree cover, total 


tree density, Viburnum edule cover, Rosa acicularis cover, total shrub 


cover, Rubus pubescens cover, Linnaea borealis cover, and Hylocomium 
splendens cover. This second group was associated with lower altitudes 
and higher soil fertility levels and corresponded generally with the 


Viburnum/Hylocomium community type. 
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The flora of the study area was basically boreal but contained 
12 aan a of cordilleran or Pacific affinities. The Rubus pedatus/ 
Ptilium community type contained the largest number of "western" 
floristic elements, and the Viburnum/Hylocomium community type had 
the fewest. 

Watt Mountain was identified as an additional outlier of the 
Lower Foothills Section (B19a). The Christina highland is best left 
in the Mixedwood Section (B18a). 

Comparisons were made with studies of other workers in northern 
Alberta and regions adjacent to the study area. The Rubus pedatus/ 
Ptilium community type has its greatest affinity with the spruce-fir 
forests of the Far-Northern Rocky Mountains of Alberta, northern 
British Columbia and southwestern Northwest Territories. The Cornus- 
Linnaea community type shows closest relationships to the cordilleran 
forests of Alberta and northern British Columbia. The Viburnum/ 
Hylocomium community type is related most closely to the mixedwood 
forests of the closed boreal forest which extends from Alaska to New-~ 
foundland. Forests Similar to the Calamagrostis canadensis community 
type have been described from Alaska, and Manitoba and Saskatchewan. 

Fire has had a marked impact on the western boreal forest and all 
of the stands investigated appeared to have originated following fire. 
The Rubus pedatus/Ptilium community type appears to have developed from 
pine-white spruce or pine-black spruce seral communities, the Cornus- 
Linnaea community type from pine-aspen-white spruce stages, and the 


Viburnum/Hylocomium and Calamagrostis canadensis community types pri- 
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marily from aspen-white spruce seral stages. The spruce-fir forests 
studied are considered to be a climax vegetation type based on evidence 
from enalyees of the spruce and fir populations and on the absence of 
any other vegetation types or species which seem capable of replacing 
them. Balsam fir appears to be favored to become dominant at higher 
altitudes in the study area. with decreasing altitude the balance 


shifts to white’ spruce, 
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